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HIGHLY MULTIPLEXED REPORTER CARRIER SYSTEMS 
The present invention is generally in the field of detection of molecules, 
and specifically in the field of detection of multiple differmt molecules in a 
single assay. 

5 It is an object of the present invention to provide a composition that 

permits the indirect detection of a large number of different analytes in a single 
sample or group of samples. 

It is another object of the present invention to provide a coir5>osition that 
permits the indirect defection of a large numb» of different proteins in a single 
10 sample or group of samples. 

BAOKGROUM) OF THE imTEimON 
The analysis of proteins in histological sections and other cytological 
preparations is routinely performed using the techniques of histochemistiy^ 
inmiunohistochemistry, or immunofluorescence. By performing 

15 immunofluorescencis with antibodies labeled wifli different colors, it has been 
posisible to detect simultaneously 2, 3, or even 4 diff^ent antigens present in 
cellular material. In the fixture, time-resolved fluorescence may permit the 
extiMision of immunofluorescence meAods to the detection of 6 to 12 different 
antibodies snnultaneously. Likewise, KNA detection by fluorescence m situ 

20 hybridization permits the detection of 2 to 4 different RNAs in cellular material, 
and it niay also be extended to permit the detection of 6 to 12 different RNAs by 
time-resolved fluorescence. 

There is a need for a sensitive method that will permit the cytological 
detection of larger numbers of proteins or RNAs simultaneously. Theoretically, 

25 the simultaneous measurement of the concentration of 20 to 50 differCTt pixjtein 
(or RNA) species should be highly infonnative as to the specific status of 
dynamic cellular processes in normal development, in stages of disease, m 
r^onse to drug treatment or gene therapy, or as a result of environmental 
e3q)0sure or other deliberate or inadvertent interventions. 

30 The stady of cells by measuring the identity and concentration of a 

relatively large number of protems shnultaneously (referred to as proteomics) is 
currently a very time-consuming task. Two-dimrasional (2D) gel electrophoresis 
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is &e most powerfiil tool for studying ibe egression of multiple proteins, but 
this technique is not readily adaptable to in-situ cell analysis. Typically, many 
thbusailds of cells are required to perform a single 2D gel analysis. In order to 
identify different protein expression profiles in heterogeneous tissue samples, 
5 one would need the capability to analyze the proteins expressed in a small 
number of cells. This capability is most relevant in tbe analysis of histological 
or cytblogical specimens that may harbor dysplastic or pre-malignant cells. Such 
cells, which may precede the development of cancer, need to be identified when 
present as small fod of 10 to 50 cells, before they have a chance to give rise to 
tumors. Unfortunately, the amount of protein obtained fix)m 10 to 50 cells is 
insufBcient for 2D gel analysis, and is problematic even with the use of 
radioisotopes to label the protein. 

Mass spectroscopy is another powerfiil technique for protein analysis. 
However, the direct analysis of proteins present in sanq)les oohtaimng «tnall 
numbers of cells is not possible with prior mass spectroscopy technology, due to 
in5u£5cient sensitivity. A minimum of 10,000 cells is required for mass 
spectroscopic analysis of tissue sanq>les using prior technology. 

Current methods for the analysis of microairay hybridization 
experiments rely on the use of a two-color signal readout system. For example. 
Schema M, Shalon D, Davis RW, Brown PO (1995) Quantitative monitoring of 
gene expression patterns with a conq)lementary DNA microanay. Science 
270:467-70, describe an experiment where cDNA prepared fi:om one tissue is 
labeled with the dye cy3, while cDNA &om another tissue is labeled with the 
dye cy5. After fiie labeling reactions are performed, the two labeled DNAs ai« 
mixed, and hybridized by contacting with the surface of a glass slide containing 
a cDNA microarray on its surface. At the end of the hybridization reaction, the 
microarray sur&ce is washed to remove unhybridized material, and the glass 
slide is scanned in a confocal scanning instrument designed to record separately 
the cy3 and flie cy5 fluorescence intensity, which is saved as two different 
computer files. Conqniter software is then used to calculate the fluorescence 
ratio of cy3 to cy5 at each of the specific dot-addresses on the DNA microarray. 
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O (57) Abstract: A niethod of analysing the deavage of a polymer wherein the polynwr is dififcren^^ 

^ Aecleavedfiagmentsofthepolymerareanalysedbymassspectromet^ TTie method is particnlariyusefol for analysing 

1^ tne cleavage ofproteins and mffl« particularly for determining substo^ 
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METHOD OF MASS SPECtROMOSTRY 

Field of the invention 

The present invention relates to methods of analysing cleavage of a polymer 
5 ' vdierraiihe polymer is differentiaUylabeUed 

bfthepolymer are analysedby mass spectrometry. In particular it relates to methods of 
detecmining a cleavage site inthe polym^^ scteening methods and methods of obtaining 
infoimadon about the structure and sequence of cleaved polymers. 

10 Backgroimd of tte invention 

Chemical labels are widely used in chemical analysis. Among the types of 
molecules used are radioactive atoms, fluorescent reagents, luminescent reagents, metal- 
containing compounds, electron absorbing substances and light absorbing compounds. 
Such diemical labels may be covaleutly attached to the target to enable the substance to 

15 be detected. Hoivever,cb^calmodties present on the target surface may inte^ 

the detection of the label. Such labels have been used in methods to identify the 
substrates of enzymes and their cleavage sites. However, such labels may have further 
limitations since the labels themselves can have an influence on tile cleavage kinetics. 
There is therefore a need for a method of labelling potential substrates for such cleavage 

20 analysis which involves minimal perhirbation of the structure of tiie substrate, presenting 
the substrate molecule almost indistinguishable from its unlabelled state. 

In recent years, the approach of mass spectrometry has been iised in the 
identification of proteins. Proteins are usually idratified by tiie best match between tiie 
measured and calculated in/z (rnass to charge ratio) values of the peptides. This approach 

25 however, encounters a number of problenas such as low sample availablility, the presence 
of bad^round or artifact ions and postsynthetic modification of proteins. Ultrahigh 
accuracy instruments may be required to determine absolute m/z values. 

Recently, a more accurate approach has been reported wherein stable isotopic 
labels are incorporated into proteins.. Uniformly ^^-labelled proteins have been 

30 graetated for improved accuracy of mass measurements by mass spectrometry (Jensen et 
al Anal Chem 71: 2076-2084 (1999)). Specific amino acids have be& labelled with 
stable isotopes for incorporation into proteins so that these proteins may be distinguished 
from other molecules in a mass spectrum (Chra et cd Anal Chem 72: 1 134-1 143 (2000)). 
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^^0 labels have been used in the idmtification of C tenninal peptides of proteins (Kosaka 
era/ Anal Chem^:1179-1185 (2000)). 

Sommaty of the invention 

The i»:esent invention provides a method of analysing cleavage of a polymer^ the 
method comprising: 

(a) .piovidiiigasample of said polymer, aportion of said polymernw^ 
having been labelled at a position on one side of a potential cleavage site with a first 
isotdpic label and a portion of said polymer molecules having been labelled at a position 
on the opposite side of the potential cleavage site wilfa a second isotopic label, 

(b) incubating said sample under conditions suitable for cleavage at said 
fiotential cleavage site, and 

(c) analysing fiie mass(es) of any deaved fiagments by mass spectrometry 
and thereby detemuning whether and/or where cleavage has taken place. 

Preferably, the mass change caused by the presence of the first isotopic label 
cornpared with the mass in the presence of the normal element(s) at that position is 
different to the mass change caused by the presence of the second isotopic label 
cornpared with the mass in the presence of the normal element(s) at that position. 
The present invention further provides a method of screening a library of 
polyrners for cleavage, tilxe method comprising: 

(a) providing a library comprising two or more polymers labelled as described 
inclaiml, 

(b) incubating said library of polymers under conditions suitable for cleavage 

and 

(c) analysing the inass(es) of any cleaved ficagments by mass spectrometry 
and thereby detemiimng whether and/or whwe cleavage has taken place. 

The sample ipay be incubated with an enzyme under conditions suitable for the 
cleavage of a substrate. 

In a fiirther aspect of the invention, the method further comprises the step of 
quantifying the amotsnt of the polym^ or cleaved &agment(s) present after cleavage. 

In another aspect of the invention, said polymer further comprises a detectable 
rion-isotopic label on one side of the potential cleavage site and an inhibitor for said label 
on the opposite side of the potential cleavage site, and the mediod comprises the 
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additional step of detecting said detectable non-isotopic label, herein the detection of 
said label indicates fhat said polymer has been cleaved 

The methods of tiie present invention may jEizrther comprise deteimuning tiie 
structure or sequence of said polymer or of one or both of tiie cleaved fiagments, 
5 optionally by further cleaving these fiagments and determining the masses of these 
fiirther fiagments using mass spectiometcy. 

The present invention fiirifaer con^iises a kit &r screening a library of polymws 
for cleavage, comprising two or more diflferentially isotopically labelled polymers as 
described above. The invention also comprbes a kit for the preparation of such a 
10 polymer, comprising a set of chonical monomers \;^ch comprises monomers which 
have been isotopically labelled and monomers which have no isotopic label, in a form 
stutable for polymer synthesis. 

Brief Jescribtion of the drawing^ 
15 Figare 1: Sample mass spectra for uncleaved (A-B) and cleaved (A, B) peptides labelled 
wiflieiflien =D2 or H2Gly, or ^ = D3 or H3 acetate. 

Figare 2: Mass Spectra before and after cleavage of ^Giy4»ro-AiB-AianAta-Aia-Giy^ with 
trypsin. 

Figure 3: Mass spectrum of peptide 4. 

Figare 4: Mass spectrum df peptide 4 following treatment with trypsin. 
Figores 5a and b: Mass spectra of peptide 4 following treittment with NEP. 
Figare 6: Summary of sample mefliod used to screen peptides (A-B) for cleavage by an 
enzyme, isolation of peptide fragment A and any remaining peptide A-B and 
identification of their peptide sequences. MSI and MS2 = isotopic labels. 
Figure 7: Determination of optimal ratio of fluorescent groiq) (F) to quencher (Q). 
Figare 8: Mass spectrum analysis for resiu 16. 
Figare 9: Mass spectrum analysis for resin 17. 

F^are 1 0 : Mass spectrum analysis of resin 1 S following treatment witii tiypsin 
Fignrell: Strategy for synthesis of a tibrary of differentially isotopicaUyl^ 
compounds. 

Figare 12: Mass spectm of compound 7p) (bj00080y2), conqpound 7(i7) (bj00083/5), 
compound 7cm) (bj00014/9), and compound 7qi) (bj00014/13) respectively. 
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Figure 13: A Mass spectrum foUo^wizig incubation of compound 7(2) wifli ttypsin: 
cleaved sequence H2N-Ala-Asn.Ile-Asp-Phe-Ala-Lys(ac)-NH2 (819/822). 
B, C: Mass specba of compound 7(i7) tiypsin: B: cleaved sequence Ac-Ot)r.Ala*Ala- 
Phe-Lys-Aig-OH (691/693), C: cleaved sequence Ac-Gly-Ala-AIa-Phe-Lys-OH. 
5 Hgnre 14: Mass spectra of compounds S(x^, 
Fj^nre IS: Mass spectra of compounds 8(5^ 

Figure 16: Mass spectra of compounds 8(1^ foUo^g treatment with trypsin. 
Figure 17: Mass spectra of compounds 8(5^ following treatment with trypsin. 
Figure 18: Amino add sequencing via mass spectrometry on peptide fragment 
diflferentially labelled with a stable isotope ) at one terminal. Mass spectra show 
sample pattern produced by cleavage of amino acids from eidier the C or N-tenninal of 
the peptide. 

Detailed Description of the Invention 

A series of methods for analysing the cleavage of a polymer have been developed 
based on the diflferential isotopic labeling of tiie polymer. These methods may be use&l 
in discovering new or improved synthetic substrates for for both known and unknown 
enzymes, for example novel enzymes id^tified from the human genome. The me&ods 
may be used to identify an event of cleavage, the site of cleavage and additionally the 
sequence origin. 

The methods of the present invention may also, for example, be used in screening 
methods to identify new substrates for enzymes, in positional pq)tide scanning libraries, 
in in vitro/ex-vivo/in vitro peptide tracking, in assaying methods, for oligonucleotide or 
peptide sequencmg or in the measurement of differential protein esqjression. 

Dififerentiallv isotopicallv labelled polvmers 

The present invention is based on flie use of an isotopic label in the analysis of 
cleavage of a polymer. 

The term ''polymer^ refers to any molecule inade up of discrete '^conoponente^^^ A 
suitable polymer for use in a method of the presoot invention may be any polymer 'v^ch 
can be cleaved. A suitable polymer may, for example, be a biological polymer such as a 
pcjrtide, polypeptide, protem, polynucleic add (e.g. DNA, RNA or LNA/DNA/RNA 
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hybrid), lipid or carbohydrate. In a prefeired aspect of the invration, the polym^ 
comprises a peptide or prbteiiL 

The term "conqx>neiit(s)'' refers to monomers which make up ^ polymer, e.g. 
amino BxAds (for protems), nucleic acids (for DNA or RNA), sugars (for complex 
S carbohydrates) and fiatty acids (for lipids). A polymer will conqsrise 3 or more such 
compon^ts. A polymer may comprise, for example, 3, 5, 10, 20, 50, 100, 500 or more 
such components. A suitable polymer may be an oligomer, such as an oligonucleotide or 
oligopeptide. Preferably, die polym^ is a linear polymer. 

For use in the mediods of the present invention, a sample of a polymer is 

IQ differentially isotopically labelled. A sample of the polymer is partially labelled on either 
side of apotential cleavage site with a first and a second isotopic label such that a portion 
of said polymer molecules are labelled at a position on one side of the potential cleavage 
site with a first isotopic label and a portion of said polymer moleciiles are labelled at a 
position on the opposite side of the potential cleavage site with a second isotopic label. 

15 The two labelled portions are not mutually exclusive, i.e. some polymer molecules may 
Ml within both portions and may therefore comprise both a first and a second isotopic 
label. 

Such a sample may thierefdre comprise a mixture of polymer molecules \^ch are 
unlabelled, polymer molecules which have only the first isotopic label, polymer 

20 molecules which have only the second isotopic label and polymer molecules which have 
both isotopic labels. Other suitable samples may comprise a mixture of pol}aner 
molecules which are unlabelled and polymer molecules which have hoUi isotopic labels 
or a mixture of polymer molecules which have only the first isotopic label and polymer 
molecules which have only the second isotopic labeL A suitable sample may comprise 

25 any combination of unlabelled, singly-labelled or doubly-labelled polymer molecules as 
long as the sample conq>rises both the first and second isotopic labeL 

By partially labelling in this way at each of these ates, each cleaved fi:agment \nll 
show a characteristic mass spectrum of two peaks representing tiie dififereiit isotopes 
present The precise pattem of the mass spectrum will depend upon Tft^^^^'vy- ^^fflnit!? 

30 oftfae individual isotopes in the sample. Two fiagments formed by cleavage of a polymer 
will tibmfore show a distmctive pattem of two pairs of mass peaks as described below. 

A suitable sample may be 50% differentially labelled with isotopic labels on both 
sides of file potential cleavage site. That is, 50% of the polymer molecules in a sample 
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aie labelled at a position on one side of the potential cleavage site vith the fiist isotopic 
label, and 50% of the polymer molecules in Ihe sample are labelled at a position on the 
opposite side of the potential cleavage site with the second isotopic label. Such a sample 
may therefore comprise only polymer molecules vMch have either the first or the second 

5 isotopic label, or may comprise any combination of unlabelled, singly-labelled and 
doubly-labelled polymer molecules as described above. If a given atom is.labeUed such 
that 50% of &e atoms are of one isotopic fonoi and 50% are of another isotopic form, the 
mass spectrum of the mixture will show a characteristic doublet in which the peaks are of 
apiprbximately equal height 

10 A suitable sample comprises polymers having isotopic labels on either side of a 

potential cleavage site. For use in a method of the present invention, a polymer will be 
labelled at specific positions on eadi side of the cleavage site. Preferably, an isotopic 
label will be located on a single monomer within the polymer. A polymer may be 
labelled, for example, by substitution of a monomer by a labelled monomer, by addition 

15 of a labelled monomer or by addition of labelled moeitieis within or at an end of the 
polymeir molecule. For example, if the polymer is a p^tide, it may be labelled by 
substituting an amino abid by a labelled amino acid, by addition of a labelled amino acid 
to the polymer or by addition of a labelled moeity to the peptide, such as by acetylation, 
hydroxylation, carboxylation orphosphorylatioa 

20 Suitable positions for labelling may be detemined for individual polymers based 

on, for example, the location of potential cleavage sites or the particular isotopic labels 
used. If tile cleavage site is known, the isotopic labels can be positioned 1^ 
on the appropriate sides of that pleavage site. For example, each isotopic label may be 
present at a terminal end of the molecule, adjacent to the deiavage ^ itself or at any 

25 int^mediate location. If tiie potential cleavage site is unknown, the isotopic labels may, 
for ocample, be positioned towards the terminal ends of the polym^. If the polymer is a 
peptide, the isotopic labels may therefore be present in tiie region of the temunal amino 
acids, such as in tiie terminal five amino adds, or in moeties attached to tiiese. The 
isotopic labels may preferably be present in the terminal monomers themselves, e.g. if the 

30 polymer is a peptide, the isotopic tebels may be present in the t^minal amino adds. 
Alternatively, the isotopic labels may be present in moeties attached to the polymer, 
preferably to the tenmnal monom^ of the polymer. For example, the isotopic labd may 
be introduced by acetylation at the amino terminus of a peptide. 
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A suitable isotopic label may comprise one or moie chemical isotopes of one or 
mdie atoms ptesent within the unlabelled polymer. An isotope of an element vdll have 
ail identical number of protons and electrons, but a different number of neutrons, and 
therefore a different molecular v^ght For example, an isotope may have one additional 

5 neutron and therefore have an increased molecular WBi^t by one mass unit Pteferably 
each isotope is substituted for the normal atom vnfbsn the polymer* For example, may 
be substituted by (deuterium), by ^^C, ^^O by "O, by and/or ^r by "Br. 
One or more different isotopes may be substituted into a polynler. Hie same isotope may 
be substituted one or more times into a polymer. A suitable isotope will have a half-life 

10 which is sufficiently long to minimise the likelihood of isotopic decay during fixe method. 
Preferably the half-life is greater than tihie amount of time between incorporatidn of the 
isotope mto the monomer and the analysis by mass spectrometry of any cleaved 
fiagments. Preferably the isotope has a half life of at least one day, more preferably at 
least one week. Most preferably the isotope is a stable isotope such as an isotope vdiich 

15 has a half life of many years or many hundreds or thousands of years. 

The first and second isotopic labels may be the same or different and may 
comprise the same chemical isotopes or different chemical isotope 

The first and second isotopic labels ms[y lead to the same mass change in the 
labelled polymer. For sample, two hydrogen atoms may be substituted by two 

20 deuterium atoms on one side of a potential cleavage site leading to a mass change in the 
polymer of two atomic mass units. On the other side of the potential cleavs^e site two 
more hydrogen atoms may be substituted by two deuterium atoms, also leading to an 
increase in mass of two atomic mass units. As explained below, as each position will 
only be partially labelled in a sample of polymer, this will lead to a cfistinctive znass 

25 spectrum for both the polymer and its cleaved fragments. 

hi a preferred aspect of tiie present inv^oii, the mass change caused in the 
polym^ by the presence of the first isotopic label compared with the mass in the presence 
of the normal element(s) at that po sition is diffeimt to the mass change caused in the 
polymer by tiie presence of tiie second isotopic label compared with the mass in the 

30 presence of tiie normal el^ent(s) at that position. For example, two hydrogm atoms 
may be substituted by two deuterium atoms on one side of the cleavage site and three 
hydrogen atoms substituted by three deut^um atoms on tiie other side of the cleavage 
site. Alternatively, one ^^C atom may be substituted by a ^^C atom on one ^de of the 
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cleavage site and two hydrogen atoms substituted by two deuterium atoms on the 
opposite side ofthe cleavage site. ' 

TVhere two or moie cleavage sites ^dst in the polymer, additional isotopic labels 
may be incorporated. Sufficient isotopic labels may be incorporated such that one is 
present in each cleaved fiagment Each isotopic label should cause a different mass 
change in the polymer when compared with the mass in the presence of tiie normal 
element(s) at that position. 

The synthesis of isotopically labelled polymers and the introduction of isotopic 
labels to polymers may proceed by way of common organic and biochemical reactions 
and techniques. A polymer may be labelled in a number of different ways, at one or more 
different molecular positions or with different isotopes, either smgly or in combination. 
Such methods are well understood by persons skilled m the art, and include techniques 
such as those disclosed in Ott, D.G., Syntheses with Stable Isotopes of Carbon Nitrogen 
and Oxygen, John Wiley & Sons, 1981, the disclosure of which is included herein m its 
entirety by way of reference. An isotopic label may be incorporated into a monomer 
which is then introduced into the polymer molecule. For example a particular labelled 
amino acid may be incorporated into aprotein during cell growth or in saiinvitro 
transadption/translation system as described in Yabuld et al (J Biomol NMR 1 1 :295-306 
(1998)). 

In one emb odiment tiie polymer(s) may be attached to a solid support The solid 
support may take the form of, for example, beads, a solid surfiace, a solid substrate, 
particles, pellets, discs, c^illaries, hollow fibres, needles, solid fibres, organic or 
morganic gels or insoluble morganic particles such as particles formed fiom fiillerenes. 
Beads may be polymeric b^ such as cellulose beads or resin beads. Resin beadsmay 
be produced fiom fimctionalised polymer resms such as polystyrene resms, 
polyactylamide resiiis and dimethylaoylamide resins. 

The polymer inay be attached to a solid support by a linker molecule. Preferably 
flie linker molecule is a cleavable linker molecule. Preferably the linker molecule is 
selectively cleavable, for example chemically cleavable, but is not cleaved by the method 
(e^.g. enzyme) used in the screening assay. 
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Methods of analysing cleavage of a polymer 

The methods of the present invention comprise the mcubation of polymers mider 
conditions suitable for cleavage. 

The method of cleavage may be any method vMch leads to the cleavage of a 
5 poljmere.g. mechanical, chemical or enzymatic deava^ In a preferred aspect of the 
invmtion, the polymer is incubated with an enzyme. For example, if the polymer is a 
polypeptide or protein, flie enzyme may be a protease, if fte polymer is a polynucleotide, 
the enzyme may be an endoniuclease or exonuclease, if the polymer is a carbohydrate, the 
en2yme may be an amylase or glucanase and if the polymer is a lipid the enayme may be 
10 a lipase. The polymer is incubated with an enzyme under conditions suitable for tihe 
cleavage of a substrate. Suitable incubation conditions will vary with the cleavage 
method, such as with the enzyme used, and may be easily determined by the person 
sldlled in the art. 

The mass of fhe cleaved fiagments may be determined by any method known in 
15 the art The mass should be measured sufiBciently accurately that a molecular mass of 
each fiagment may be determined. Preferably the mass should be measured sufficiently 
accurately that the mass change caused by the isotopic labels may be detected. 

In a preferred aspect, the isotopic label(s) are detected by a method of mass 
spectrometry. Suitable nlethods of mass spectrometry include matrix-assisted laser- 
desorption ionization mass spectrometiy, direct laser-desorption iomzation mass 
spectrometry, electrospray ionization mass spectrometry, secondary neutral mass 
spectrometry and secondary ion mass spectrornetry. 

The cleaved firagments will show a distmctive pattmi of two pairs of mass peaks 
(seeFigurel). Each fiagment wiU be present mlabeUed and uiilabdledforn^ 
seen as a separate peat A fiagment comprismg an itotopic label will show a peak which 
is shifted wifli .respect to the equivalent unlabelled fiagment because of the different 
molecular weight of the isotope(s) compared with the normal element(s). This distinctive 
pattraaUows easy determination ofvAether cleavage has occurs The presence of one 
or two such pairs ofpeaksmdicates that the polymer has been cleaved, Tte mass of each 
fiagment may be determined fixan such a spectrum. This distinctive pattern of pairs of 
peaks representing labelled cleaved fiagments facilitates tiie identification of the 
molecules of interest witiiout tiie need to extract and purify tiiem fiom tiie sample or 
reaction mixture. 
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In aprefeired aspect the sample of polymer cleaved comprises unlabeUed polymer 
molecules, polymer molecules c(»xq>tising tbe first isotopic labd only, polymer 
molecules conqjrfang the second isotopic label only and polymer molecules comprising 
bofli tbe first and second isotopic labels. 

5 Ifliie first aiui second isotopic labels are the same, or are difFe«ait but lead to 

same mass change m the polymer, this will lead to a characteristic mass spectrum of three 
peaks. Ctoe peak corresponds to the imlabelled polymer, one to polymer containing only 
one isotopic label and Ae fliird peak corresponds to polymer containing both the first and 
secrad labels. As both labels lead to the same mass change m the polymer, polymer 
10 containing eiflxer the first or the second label wiU have the same molecular weight and 
these two ^es of molecule will be seen as a single peak on a mass spedrum. 

If ttxe first and second isotopic labels lead to a different mass change in fiie 
polymer, analysis of an uncleaved sample will show a characteristic mass spectrum of 
four peaks (see Figure 1). One peak corresponds to the unlabeUed polymer, one to 
15 polymer comprising the first isotopic label but not the second (shifted with respect to the 
unlabeUed polymer because of the different molecular weight of the isotope(s) compared 
with the normal element(s)), a third peak wiU correspond to polymer comprising the 
second isotopic label but not the first, and a final peak wiU conespond to polymer 
comprising both isotopic labels (shifted by the diBerent molecular weights of bodi 
isotopic labels). As the first and second isotopic labels leadto a different mass change in 
fiK polymer, polymer molecules having only Hob first label wUl have a different molecular 
weif^rt to polymer molecules having only die second label. Two separate peaks 
corresponding to polymer containiog each of these labels should flieiefore be seen on a 
mass spectrum. The precise pattern wiU depend t^on the relative amounts of tbe 
different isotopes. 

In dflier of these cases, ttie distinction between the three or fi>ur peaks of the 
uncleaved polymer and the two pairs of peaks of the cleaved fiagmenls make it possibk 
to readily determme fix>m a mass spectrum vt^ietfaer cleavage has taken place. 

The methods of fte presort invention may be used to deteimine fiie specific 
location of a cleavage site within a polymer. In 4e embodiment vdierem the first and 
second isotopic labels cause different mass changes when conjured wiOi the mass of the 
polymer in the presence of the normal isotope(s) at their positions, it (an be determined 
fiom flie spectnmi which pair of peaks corresponds to which cleaved ftagment Each pair 
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of peaks will show a split equivalent to the diflFerenoe in mass between a labelled and 
unlabelled fragmrat (see Figure 1). The individual cleaved fiagmenis may Iherefote be 
identified from such an^ spectram, their masses detemiined, the sequence established 
and Ae exact location of flie cleavage site within flie polymer may therefore be inferred, 
5 If flie polymer has been cleaved once, at a position between the two isotopic 

labels, the sum of the molecular weigjits of the cleaved fragments should be equal to the 
molecular weight of the undeaved polymer. 

If the sum of the molecular weights of the cleaved fingments is less than the 
molecular weight of the uncleaved polymCT, this indicates that cleavage has also occurred 
10 elsewhere within the polymer. Tlxe location of oth^ such cleavage sites may be 

deterrniiied by incoiporating additional isotopic labels in the polytner as described above 
and analysing the cleaved fragments as described above; by detenniomg the structure or 
sequence of the isotopically labelled fragments as described below; or by a combination 
of these two methods. 

15 Data obtained by mass spectrometry may be analysed by any suitable software. 

For example, peak split recognition software Ccluster analysis') is available from 
Micromass® Ltd and has to date been used for analytical construct and bead decoding 
technologies ^cKeown S.C., Watson, S., Carr R., Marshall, Tetrahedron Lett (1999) 40: 
2407; Lane S J., Pipe A.J., Rq>id Communications in Mass Spectrometry ^000) 14: 782- 

20 793). Such software sunplifies the data interpretation by filtering out specific 'peak splits'. 
Such software could also be used to automate the inteipretation of the mass specba 
obtained using the methods of the pres^ mvention. 

Quantification 

25 Methods of the invention may also be used as part of an assaying technique based 

of mass spectrometry, for example by quantification of flie amount of cleavage or the 
amount of flie polymer or cleaved fiagment(s) in a sample. For example, the amount of 
cleavage ^ch has occurred following any of the mettiods of the invention described 
herein may^ be quantified. 

30 The polymer may further contain a moiety which aids quantification. Suitable 

moieties would be well known in the art Mefliods of quantification (and suitable 
moieties for use m such mefliods) indude, for example, UV, Fluorescent and Visible 
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Spectroscopy (e.g. using /Hnitiopheiiol,dansyl, aminomethylcoiimarm). Inductively 
coupled Plasma Mass Spectrometry (ICP-MS), (e,g. using Chlorine, Bromine, Sulphur, 
Phosphoius), NMR, Weighing, Acoustic Photo Spectroscopy, Mass Spectrometry, 
Raman Spectroscopy, Atomic Absorption, Elemental Analysis, Electrolysis, Circular 
5 Dichroism, Elisa, ESR (using Electron Spin Resonance). 




78.8iBr supplies both teotope and quantitation label 



The polymer may also contain combined fluorescent-quench paiis (e.g. FRET pairs such 
10 asFAMnrAMRA): 




FAM TAMRA 

Additionally the polymer may contain a sensitising group to enhance detection by 
15 the Mass Spectrometer. For example to enhance a molecule to ESI-MS ^sitive mode) 
an amino group can be incorporated For example: 

MS sensitising Group 




The polymer may additionally or alternatively comprise a moeity ^ch may be 
used in tfie separation of the polymer or its cleaved ftagments fiom other material. A 
suitable moeily may be one of a specific binding pair such as biotin. A suitable moeity 
may be removable fiom the polymer molecule, for example by spedfic cleavage. A 
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modty may be present on one side of the potential cleavage site or on both sides of the 
potential deavage site. The prwence of such a nM)dty would aUow for the polymer or it^ 
fiagments to be more easily separated from tiie cleavage mixture for example^ using the 
other of the specific bindmg pair to capture polymer or cleaved fragments that comprise 
themoeity. The other ofthe specific bindmg pak may be bound to a soHdst^ 
may cq>ture molecules conqprising the moeity y/bm fliese are incubated \^th or passed 
over the solid support These bmding pair complexes including the polymer or cleaved 
fragment may then be removed fix)ni the solid sq)porL 

More than one such moeity may be attached to a polymer molecule. The same 
modty may be attached to the polymer molecule at more than one locatioa If flie moeity 
is present on both sides of the potential cl^vage site, it may be used to separate 
uncleaved polymer and any cleaved fragments from the cleavage mixture, for example 
froni any enzymes or chemicals vMch are used to induce cleavage. Alternatively, two or 
more different moeities may be attached to the polymer molecule, iFor example, a 
polymer for use in a method of the present invention may comprise a different moeity on 
each side of the potential cleavage site. Each cleaved fragment may then be captured 
separately, for example by simultaneously or separately using the others of tiie specific 
binding pairs to capture each cleaved fragment In this way the cleaved fragments may 
be separated from each oth^. 

Screening joaetfaods 

The methods of the invention may be used to screa a library of polymers for 
those polymers which are cleaved by a particular mefliod, for example by a particular 
enzyme. The methods of the invention may, for «ample> be used to identify substrates 
for a particular enqone, e.g. a protease. Potential substrates may be prepared by 
utoxbicmg isotopic labels as described above. The substrates may be prepared as single 
compounds or large libraries, e.g, 10**^. These individual or mixed substrates may then be 
incubated with one or more en2ymes. The resulting fragments majr then be analysed by 
mass spectrometry and the cleaved substrates identified. 

Akemativdy, the methods msy be used to screoi a library of enzymes for the 
ability to cleave a particular substrate. 

Ihe methods of the present invention may be used to monitor the cleavage of 
polypeptides or polynucleotides, for example, polypqptides or polynucleotides whidi 
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vary by one or moie amino acids or nacleotides respectively at a site ^ch effects the 
ability of the eixzyme to cleave the substrate. The site may or may not be part of the 
recogoition sequence for the enzyme. For example, for a ix>lynucleotide, the cleavage 
site may be selected to be related to a specific sequence or nucleotide polymoiplusm, for 
5 example a single nucleotide polymorphism (SNP). The polypeptides or polynucleotides 
are differentially isotopically labelled as described above. They may then,be treated to 
induce cleavage, preferably specific cleaivage at the site of the variation e.g. by 
introducing an enz^noie such as a protease (for polypeptides) or an endonuclease or 
exonuclease (for polynucleotides). Preferably the ability of the enzyine to cleave the 

10 substrate will depend on the sequence or nucleotide which varies between the substrates. 
The fi:Bgments produced may be analysed by mass spectrometry. He methods of the 
present invention may therefore be used to detect specific variants in the polypeptide(s) 
or polynucleotide(s). Such methods may fiirther be linked to a molecular diagnostic 
assay technoiogy. Such an assay may involve, for example, target amplification (e.g. 

15 PCR) or signal amplification (e.g. a branched DNA assay). 

For any of the above screening approaches, the cleavage sites in such polymers 
may be determined by the meflxods described above, and the sequences of such molecules 
may be determined by methods as described below. 

A suitable polym^ for use in a screening method of the invention will comprise 

20 any differentially isotopically labelled polymer as desodbed above. A suitable polymer 
may fiirtfaer comprise 4 detectable label on one side of the cleavage site and an inhibitor 
for that label on the opposite side of the cleavage site. 

A suitable polymer may be synthesised by methods known in the art For 
example, it may be produced by attaching a detectable label and an inhibitor to any of the 

25 polymers described above. 

A suitable detectable label may be any label which may be reliably detected in a 
screening method. A detectable label may be a moiety which aidi? q^imtification or 
separation as described above. Preferably the detectable label is a chemical l£^ For 
exaix^le, suitable chemical labels may include radioactive atoms, fluorescent reagents, 

30 cfaroihophores, luminescrat reagrats, metal-containing compounds, electron absorbing 
substances and light absorbing compounds. A suitable inhibitor will be one whidi 
prevents tiie detection of the detectable label. Prefisasbly the inhibitor will mhibit the 
detection of tiie detectable label while in close proximity to the label ^e. when the 
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polymer is intact) bat wifl no longer inhibit the detecstion of the label when the polymer is 
cleaved In a prefiared aspect; the detectable marker is a fluoiophoie and the inhibitor is 
a quencher £)r that fluoropfaore. 

Prefei^ly, flie ratio of detectable maiker to inhibitor is optimised such tiiat in the 
5 absence of cleavage the madrar is not detectable, but on cleavage flie marker becomes 
detectable (see Fignre 7). An appropriate ratio of detectable maricer to inhibitor will 
dqpend on the particular maiker and inhibitor used and the method of detection. An 
appropriate ratio for a particular combination of label and inhibitor may be detennined by 
the skilled person usmg meOiods known in tiie art 

10 A suitable polymer may be used in a screening method comprising the steps of 

incubating under conditions suitable for cleavage and screening for the detectability of 
the label. If the polymer is not cleaved, the inhibitor should prevent die detectability of 
the label. If the polymer is cleaved by the enzyme, the inhibitor will be separated from 
the label and die label should be detectable. TTie cleaved iBragmeut comimsing die label 

15 may then be identified and isolated. The cleaved fragment may be analysed using mass 

spectrometry as described above and its sequence or stnicture may be determined as 
described below. 

In one embodiment die polymer is attached to a solid sugpport Any suitable soKd 
siiipport may be used, for example those solid supports described above. The polymer 
20 may be attached to the solid support via a linker molecule. Preferably the linker molecule 
is a cleavable linker molecule. Preferably the Imker molecule is selectively cleavable, for 
example chemically deavable, but is not cleaved by die method (e.g. enzyme) used in flie 
Screening assay. 

Preferably the fiagmeot vMdi is cleaved fiom the support-link^-pofymer 
25 constiuct during the assay conqaises the inhibitor. Hie detectable mader may be 
attached to the polymer, between the polymer and any linker molecule, directly to any 
linker molecule, between a linker molecule and tiw solid support or it xaay be attached 
duectly to the solid support One or more polymers ms^ be attacdied to a solid support 
In apre&rred aspect the potymer is attached to a resin bead. For example, a 
30 library ofpolyuMTs may be synthesised on resm beads that hicoipQralefhjoiesc^ 
quenchmg groups. A number ofmoleculesofeadi polymer may be aynthesised on an 
individual bead. The library may be designed such tiiat after polymer cleavage, the 
resulting bead emits a fluorescent signal on irradiation (see calculation of R&b below). 
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This fluorescence signals the event of deavage. The recognisable bead can be selected 
and further analysed. The cleaved Osotopically labelled) polymer, along with any 
remaining, uncleaved polymer, may be then released fiom a bead by specific cleavage of 
the linker. The released polymer(s) may then, for example, be subjected either to mass 
measurement for example by mass spectrometry, to confirm the event of cleavage, to 
identify the site of hydrolysis as described above, or to fiirther fragmentation to allow 
identification of their sequences as described below* 

Substrate Optjmisation 

The methods of the present invention may be utilised in a number of methods to 
determine the optimal polymer substrate for a particular enzyme or oihsr cleavage 
method. 

The methods of the present invention may be used in positional scanning libraries, 
for example in positional scanning peptide libraries. A number of polymers (e.g. 
peptides) may be synthesised which vary by a sinjgle monomer (e.g. a single ammo acid). 
These pdlym^ are differentially isotopically labelled as described above. They may 
then be treated to induce cleavage, e.g. by introducing an enzyme, and the fiagmetlts 
produced analysed by mass spectrometry. The cleavage conditions may be varied and the 
data obtained analysed to determine the optimal monomeis required in the polymer 
substrate for that cleavage method (e.g. enzyme). 

A polymer of a given length may be systematically shortened to investigate the 
contribution ofindividual monomers to cleavage. Such a mediod may be used to find the 
shortest sequence of monomers i^ch would still allow for a cleavage even to occur. 
Differentially isotopically labelled polymers as described above may be used in sudi a 
method. In such mediods, the truncated permutations may be simultaneously synthesised 
producing a mfarture of differentially isotopically labelled sequences. The ability to 
identify labelled fragments by ftek label and length as described above, rafter than 
identifying the starting polymer v^ch has been cleaved, makes it posdble to perform 
cleavage on such a mixture of polymers together. 

Tracking and Diagnostics 

Differentially isotopically labelled polymers as described above may also be used 
in tracking eacperiments. For example, biological polymers such as peptides m^ be 
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differentially isotopically labelled as described above and the course of such polymers in 
a biological system tracked by analysis using mass spectiometcy. 

For example, such labdled peptides may be used for in vitro / ex vivo / in vitro 
peptide tracking. Biological or chemical degradation of such polymers may also be 
5 tracked by identifying the q)peaiance of pairs of peaks by mass spectrometry indicating 
that the labelled molecule has been cleaved. 

Such methods also find applications in diagnostics. A polymer which has been 
differentially isotopically labelled as described above may be introduced into a biological 
system, for example by administration to a patirat, e.g. a human patient. The cleavage of 
10 the polym^ may then be monitored by taking samples from the biological system. 
. Where a particular enzyme is unusually cxpitssed, or over-expressed, (e.g. in a disease 
state) the cleavage of its substrate may be identified by the appearance m a mass 
spectrum of a unique pattern of peaks. For such a method, the labelled polymer may be 
given as a single entity or as a mixture of labelled polymers for multi-diagnostic testing. 
15 For example, a number of substrates known to be cleaved by the enzyme of interest may 
be used or a number of substrates each known to be cleaved by apossible enzyme of 
interest inay be used. 

The differential isotopic labelling of the polymer in such in vivo, in vitro or ex 
vivo methods means that the polymer and any pot^tial cleavage products do not need to 
20 be extracted and purified and that tihey can be easily distinguished from any ri mi I ar or 
equivalent molecules which are naturally present in the system. Further, the use of 
isotopic labelling rather than traditional chemical labelling techniques reduces the 
possibility that the presmce of the label will have an influence on the cleavage kinetics. 

25 Polymer Sequencing: 

If the structure or sequace of a polym^ used in a method of tiie present invention 
is unknown (e.g, split-i)ool syntheas, deletion synthesis, pooled screenmg strategies) the 
polymer, or its cleaved fi:agments, may be subsequently (or simultaneously) sequenced by 
established methods. This may be used to identify a specific cleavage site and/or to 
30 obtain the sequence or structure of those polymers which have been cleaved 

As described above, mdividual cleaved fiagments may be identified based on a 
mass spectiunL These fragmmts may then be fiirther cleaved, for example chemically 
such as by Edman degradation, or by fragmentation usmg mass spectrometry techniques 
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sudi as MS/MS. Sudi mefliods of cleavage and fiagmentation are known in the art 
Analysis of the resultant fragnieats niay be used to detenm 

the pair of deaved fragments. For example, if the polymer is a polypeptide, cleavage 
between individual amino adds vwfl produce fiagments of differen 
5 liie particular mnino add removed. This data can be used to detemiine the primary 
structure of the original polypeptide. 

Preferably, the cleaved fiagmaits obtained by the methods of die invention are 
furflier analysed using mass spectiomeby. Whereas a traditional mass spectrum obtained 
following fragmentation of a molecule reveals a fingerprint of single masses, the presence 
10 of differential isotopic labels offers additional ease of analysis of such fragments. 
Fragmente still comprising an isotopic label may be identified by die presence of pairs of 
peaks on a mass spectiran. Fragments not compiismg die isotopic label may be identified 
as smgle peaks on a mass spectrum. If die isotopic label was appUed at a teiminal of such 
a polypeptide, sequential cleavage of monomCTS, e.g. ammo adds, fixMn the opposite end 
15 of the molecule will result in a series of pairs of peaks <m a mass spectium. The 
difference in size of c<ttisiBcutive pairs will indicate the size of the mcmomer (e.g. aminn 
add) which has been removed, and this data may be used to detennine the primary 
sequence of die original molecule. For example, in a peptide labelled at flie N t«miinwi^ 
fiiagmentation in the C- to N- direction retams the peak split caused by the isotopic label 
20 giving rise to doublets, while the revteise fiagmentation in the N- to C- direction produces 
only smgle mass peaks (see Figure 18). The use of mass spectromeby to detmnine the 
prunary structure of apeptide is known in die art (e.g. MdAickey SA. & Wells JAl, 
Chem Rev (2001) lOh 571-606; Biemann K., in Biological mass spectrometry. 
Proceedings of the Second International Sympomm on Mass Spectrometry in the Health 
25 and Life Sdences, San Francisco, Califimiia, U.SA., Elsevier Publishers: AugUist 27-31 
m9,pm). 

Peak split recognition software Cduster analysis') is available fiom Micromass® 
Ltd and has to date beai used for analytical construct and bead decoding technologies 
^cKeown S.C., Watson, S., Carr R,, N^brshall, Tetrahedron Lett (1999) 40: 2407; Lane 
30 S.J., Pipe A.J., R^d Communications m Mass Spectinmetry (2000) 14: 782-793). This 
software sni4)lifies die data'inteipretation by filtering out specific "peak splits'. This 
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software coiild also be used to automate the izxtetpietatioxi of the mass spectra obtained 
using the methods of the present invention. 

Kits 

5 The invention further provides kits for use in the methods of tiie invention. 

A kit may be provided for screening a library of polymers for cleavage, for 
example using a screening method of the invention. A kit may be provided for screening 
a library of polymers for those polymers vAndx are cleaved by a particular mediod, for 
example by a particular enzyme. Such a kit may comprise two or more polymers which 

10 have been differentially isotopically labelled as desoibed above. The polymers may be 
any polymers which are differentially isotopically labelled, for example polymers suitable 
for use in a method of the invention as are described above. 

Suitable polymers for incliision in a kit of the invention may be supplied in solid 
form, in liquid form, as a solution or on a solid support A suitable solid support may be 

15 as described above. For exan^le, a kit may comprise two or more resin beads, wherein 
attached to each bead is one or more molecules of a differentially isotopically labelled 
polymer as described above. Where polymers are attached to a solid support via a 
cleavable linker molecule, a Idt may further comprise a linker cleavii^ reagent 

Suitable polymers may further comprise a detectable label on one side of the 

20 cleavage sSto and an inhibitor for that label on the opposite side of the cleavage site. 
Suitable polymers may conQ)ri5e a moeity such as biotin which allows separation of the 
labelled polymer or cleaved fiagment fiom other material. 

The present invention ^Iso provides kits for the prq)aFation of a polymer suitable 
for use in a method of the invention. Suchakitmayconqmse a set of chemical 

25 monomers which comprises monomeris which have been isotopically labelled as 

described above. Such a kit will pre&rably contain monomers vdiich comprise different 
isotopic labels so tiiat different labels may be added either on each side of the cleavage 
site ofthepiolyin^, or to different polymers to be screwed together. Suchakitmay 
further comprise monomers tiiat contain no isotopic label Preferably the monom^ are 

30 in a form suitable for polymCT synthesis. A kit for the ixrq>aration of a polymer suitable 
for use in a method of the invention may comprise further components, for example 
means for combining monomers or for addixig a monomer to a polymer xnolecule. For • 
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e3cample, a kit may further comprise suitable euzymes or buiSbrs to enable polymeiisatioii 
to occur. 

In a preferred aspect of the iuveation, a kit for the preparation of a polymer 
suitable for use in a method of the invention comprises a set of isotopically labelled 
5 animo acids. Such a kit may further comprise a set of amino acids which contain no 
isotopic label. Such a kit may, for example, comprise all twenty proteogenic amino acids 
in unlabelled form and in one or more isotopically labelled forms. Such a kit may furdier 
comprise means for adding an isotopic label to an unlabelled amino acid, for example by 
modification such as acetylation, hydroxyktion, carboxylation or phosphorylation. Such 

10 a kit may further comprise isotopically labelled and unlabelled chemical d^vitising 
agents such as Ac20-d6 

In an alternative asjpect, a kit for the preparation of a polymer suitable for use in a 
method of the invention comprises a set of isotopically labelled micleotides. Such a kit 
may fiirdier comprise a set of nucleotide^ which contain no isotopic label Such a kit 

15 may, for example, comprise a complete set of nucleotides in imlabelled form and in one 
or more isotopically labelled forms. Such a kit may fuorther comprise means for adding an 
isotopic label to an unlabelled nucleotide^ for example by modification such as 
acetylation, hydioxylation or carboxylation. 

20 Examples 

General Methods 

Mass spectrometry analysis: 

HPLC was run on a Vaiian 9010 instrument using a Cg reverse phase column 
25 (Vydac, 22 on, 0.5 cm 4») and IS to 90% solvent B gradient (1 ml/mm) as the mobile 
phase. [Solvent A: 1% TFA in wate; solvent B; 0.5% TFA in MeCN:water (10:1), 20 
min gradient time]. 

Mass Spectrometry measurements were earned out on a Kfictomass LCT System 
30 orthogonal accelerating Time^f-FIigbt (oa-TOF NfS), in Positive Ion Electrospray mode 
(ESI,+ve) 

lonisation Mode: Positive Ion Electrospray (ESI,+ve) 
Acquisition Mode: TOP MS 
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Scan Range: 
Scan Rate: 
Flowrate: 
Runtiine: 
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100-1600 amu 
1.0 sec, 0.10 InterScan delay 
0.400 ml min'^ (no flow split) 
30 minutes. 



10 



15 



20 



Analysis of peptide purity ! 

The chromatography was carried out using a Waters Xterra column, (MSCig, 2.1 
X 150mm, 3,5pm) 0 to 100% solvent B gradient (0.4 ml/min) as the mobile phase. 
[Solvent A: 0.1% Formic Acid in water; solvent B; 0.1% Formic Acid in MeCN, 20 min 
gradient time]. A UV Ettode Aiiay (DAD) 190-600nm systm ^ 



Column: 
GbaiinelA: 
Channel B: 
Gradient: 



Flowxate: 

Detection: 

Ej ection Volume: 



Waters Xterra, MSCig, 2.1 x ISQmm, 3,5pin 

0.1% C/y) Formic add (aq) 

100% (7v) Acetonitrile + 0.1% Q/y) Fonnic add (aq) 

0.00 mins 100% A 0.00 %B 

2.00 100 0.00 

IS.OO 0.00 100 

20.00 0.00 100 

22.00 100 0.00 

30.00 • 100 0.00 

0.400 ml min' 

UV Diode Array (DAD) 190-60Qmn 
5pl 



Trypsin wais obtained fiom Sigma (reference T1426) and NEP was obtained ftom 



25 BioMep. 



30 



Example 1; Identification of deavage site 

Peptide A-B is an uncleaved molecule which is differ^ally labelled at both N- 
and C- termini with stable isotopes. = two deuterium (D) or (I^ atoms incorporated 
intoGly, ^ ^^neeD or H atoms incorporated into acetate. 
This uncleaved molecule shows a distinctive mass spectrum of four peaks due to the 
potential combinations of isotopes witliin the molecule (Figure 1). 
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Following cleavage to jfragments A and B, two new pairs of peaks are seen on the 
mass spectnim (Figure 1 ). A pair of peaks with a peak split of 2 AMU (atomic mass 
units) indicates that the peptide has been cleaved and represents the C-terininal fiagment 
B(^). A pair ofpeaks with a peak spUtofS AMU mdicates that tiie peptide has 
5 cleaved and represents the N-terminal fragment A (^ ). Any remaining imcleaved 
peptide A-B is seen as a remaining quartet of peaks at a higher relative mass. The site of 
cleavage is readily determined by the mass of the cleaved fragments A and B. 

Example 2: Enzymatic cleavage of a peptide 
10 The peptide Ac-Gly-Pro-Arg-Ala-Ala-Ala-Gly->JH2 was synlhesised. Hiis 

peptide contains a trypsin cleavage site. This peptide was 50% difBsrendally labelled 
with three deuterium atoms in place of three hydtogen atoms at the N terminus and with 
two deuterium atoms in place of two hydrogen atoms at the C temunus. 

Hie siibsliate was incubated with trypsdn and mass spectrum analysis performed 
15 directly on tiie 'mcubation' mixture. Figure 2 shows the appearance of the two diflfeential 
peak splits indicating the event of cleavage and secondly, fiom their individual "peak splif 
state and masses, identifying its oiigin (C or N end) ajtid cleavage site. 

It has generally been found tiiat since the peptides and deletion peptides 
syn&esised in this manner all have a characteristic 'quartet* ^ this may, in some instances, 
20 obviate the need to purify some syntfaesised peptides. 

Example 3: Synth esis of 6 DiMaS peptides as isolated solids 

Six diflferentially isotopically labelled (DiMaS) peptides were synfliesised as 
described below. The peptides were selected to contain specific enzymatic cleavage sites. 

25 

i) Trypsin : 4 : AcGly-Pro-Arg-Ala-Ala-Ala-Gly-NHl 

ii) a-Se^raetase: 6: AcSer-Glu-Vd-Asn-I^-Asp-Ala-Glu-Phe-Gly-NH2 
iu) P-Secretase : 8 : AcGly^ly-Val-Val-ne-Ala-Thr-Val-ne-Gly-Nm 
iv)ysecretase: 10: AcHis-His-Ghi"Lys-I^-Val~Phe-Phe-Ala-Gly-NH2 

30 v) Caspase 3: 12 : AcGly-Asp-Glu-Val-Asp-Gly-NKE 

vi)Caspasel: 14: AcTyr-Val-Ala-Asp-Ala-Pro-Val-Gly-NHZ 
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Conmifiitdally availible Rink amide resin (3g, 1.86 10"^ moQ vns treated wiA 
20%PiperidineiiiDMFandshaki^£)rl h, the rean was Ihra drained and washed ^vi& 
DMF (3 X 5ml), DCM (3 x 5ml), DMF (3 x 5ml). DMF (3 x 5ml), EtaO (3 x 5ml), DCM 
(3 X 5ml) and finally EtjO (3 x 5ml) and dried in vacuo. PyBop (4.84 g, 9.3 10"^ mol), 
5 DffEA (3.2 inl, 1.86 lO-^ mol), and Fmoc-gly-OH (D?) (2.76 g, 9.3 10^ mol) were mixed 
in NMP (15 ml) and added to the dried resin and shaken for Ih and then drained and 
washed as above. The lesin was thaa treated with 20% Kperidine in DMF and shaken for 
lh,tiie resiii was then drained and washed as above to give resin 1. 

10 o P/S Rink 

1 

Conflrierdally available Rink aitude resin (3& 1.86 10"^ mol) was treated with 
20% piperidine in DMF and shaken for 1 h, the lesin was thea drained and washed with 

15 DMF(3x5ml),DCM(3x5ml),D]^(3x5nd),DMF(3x5m0,E 

(3 X 5ml) and finally BtiO (3 x 5ml) and dried in vacuo. PyBqp (4.84 g, 9.3 10"^ mol), 
DIPEA (3.2 ml, 1.86 E-2 mol), and Fmoc-gly-OH (2.76 g, 93 10'^ mol) were mixed in 
NMP (IS ml) and added to the dried lesin and shaken for Ih and Ihen diained and washed 
as above. Hie resin was then treated with 20% piperidine in DMF and shaken for 1 h, flie 

20 resin was &en drained and washed as above to give resin 2. 




25 Resins 1 (130 mg) and 2 (130 mg) were mixed and the sequence Gly-Pto-Arg- 

Ala-Ala-Ala was synOtesised using an ABI433 No.l Synthesiser using HBTU/Fmoc 
protocol and standard side chain protection groT^) strategy . A portion of the final amino 
resin (50 mg) was then treated with acetic anhydride (containing 50% De-AciO) (0.2 ml) 
in 1:1 DCMZDMF (1 ml) and shaken for 2 h. Hie resin was then drained and washed 
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IS 



wifli DMF (3 X 5m0, DCM 0 x 5ml), DMF (3 x Sad), DMF (3 x 5ml), EtjO (3 x Sml), 
DCM (3 X Sml) and fiuaUy EtjO Q x SmJ) and dried in vacuo to give 3. 



Y>f^Gly-P«^Arg(pmc)-Ala-Ala-Ala-|f^'^ 

Y " o P/SRIhk 

Y«1;1H3:D3 X^IUHjiDa 

3 



Rfidn 3 (50 mg) was cleaved by adding 3:0.2 "EFA/ITPS (1ml) at 0 C for 10 min 
thm shaking at it for 2 h. The lesin was drained into a flask, washed with DCM (2 x 
0.5ml) and the volatiles evaporated in vacuo. The residue was redissolved in DCM (1 ml) 
10 and again evaporated to remove the last traces of TFA (this procedure was repeated five 
times). The residue was flien trituated with EtaO (5 x 1ml). The residue was fbea 
dissolved in KCzO (1ml) and fieeze-dtied to give a 4 as a white sdid. 



Y=1:1H3:D3 X=1:1H,:D, 



HPLCVMS analysis of 4 is shown in Figure 3 (aj000260-8) 

Resins 1 (130 mg) and 2 (130 mg) were mixed and the sequence Ser-Glu-Val- 
20 Asn-Leu-Asp-AJa-Glu-Hie was synfliesised using an ABI433 No.l synthesiser using 
HBTU/Fmoc protocol and standard side chain protection groiq> strategy. A portioin of the 
final amino resin (50 mg) was then treated with acetic anhydride (conlainiDg 50% De- 
AciO) (0.2 ml) in 1:1 DCM/DMF (1 ml) and shaken for 2 h. Tbe resin was then drained 
and washed with DMF (3 x Sml), DCM (3 x Sml), DMF (3 x Sml), DMF (3 x Sml), EtaO 
25 (3 X Sml), DCM (3 x Sml) and finally Et20 (3 x Sml) and dried in vacuo to pve 5. Resm 
5 (50 mg) was cleaved by adding 3:0.2 TFA/TIPS (1ml) at 0 C fer 10 ms then shaking at 
rL for 2 h. The resin was drained ioto a flask, washed wifli DCM (2 x 0.5ml) and the 
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volatiles evq>orated in vacuo. The residue was redissoWed in DCM (1 ml) and again 
evapraated to remove the last traces of TFA (this piocedure was repeated five times). The 
residue was then tritnated wMi EtiO (5 x 1ml). The residue was flien dissolved in 
HizO/dioxane and fi«eze-dried to give a 6 as a white solid. 



JJ>f^Ser^lu-Val-Asn-Leu-Asp-Ala-Glu-Phe-[f^ 
Y=1:1H3:D3 X = 1:1H,:D. 



'2- "2 



Resins 1 (130 mg) and 2 (130 mg) were mixed and the sequence Gly-Gly-Val-Val 
n&-Al^Thr-Val-ne was synthesised using an ABI433 No.l synthesiser using 
HBTU/Fmoc protocol and standard side chain protection grotq> strategy. A portion of the 
final amino resin (50 mg) was ften treated wifli acetic anhydride (containing 50% Dg- 
Ac2O) (02ml)inl:lDCMDMF(lml)andshakenfor2h. The resin was then drained 
and washed with DMF (3 x 5ml), DCM (3 x 5ml), DMF (3 x 5ml), DMF (3 x 5ml), EtjO 
15 (3 x 5ml), DCM (3 x 5ml) and finally Et20 (3 x 5ml) and dried in vacuo to give 7. Resin 
7 (50 mg) was cleaved by addmg 3:0^ IPA/TEPS (1ml) at 0 C for 10 ins then shaking at 
Tt for 2 L The resin was drained into a flask, washed with DCM (2 x 0.5ml) and its 
volatiles evaporated in vacuo. The residue was redissolved m DCM (1 ml) and again 
evaporated to remove the last traces of TFA (this procedure was i^teated five times). Hie 
20 residue was then trituated with EfeO (5 x 1ml). The residue was then dissolved m 
HjO/dioxane (2 ml) and fieeze^iried to give 8 as a white solid. 



r"^^ Gly-<3Iy-Val-VaHle-Ala-Thr-VaHle-{j'^'*^ 
Y=1:1H3:D3 Xsl.lHaiDj 



8 

25 



Resins 1 (130 mg) and 2 (130 mg) were mixed and ttie sequence His-Ifis-Gln- 
Lys-Leu-Val-Ph&-Phe-Ala was synOiesised usmg an AfiI433 No.l synfliesiser usmg 
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HBTU/Fmoc protocol and standard side chain protection gcoup strategy, A portion of the 
final amino lesin (50 mg) was then treated with acetic anhydride (containing 50% 
D6AC2O) (0.2 ml) in 1:1 DCM/DMF (1 ml) and shaken for 2 k The resm was then 
drained and washed with DMF (3 x Sml), DCM (3 x 5ml), DMF (3 x Sml), DMF (3 x 

5 5ml), EtzO (3 X 5ml), DCM (3 x 5ml) and finally EtiO (3 x 5ml) and dried in vacuo to 
give 9. Resin 9 (50 mg) was cleaved by adding 3:0.2 TFAmPS (1ml) at 0 C for 10 mins 
then shaking at room temperature for 2 h. The resin was drained into a flask, washed with 
DCM (2 X 0.5ml) and the volatiles evaporated in vacuo. The residue was redissolved in 
DCM (1 ml) and again evaporated to remove the last traces of TFA (this procedure was 

10 repeated five times). The residue was then trituated with EtaO (5 x 1ml). The residue was 
then dissolved in HiO/dioxane (2 ml) and freeze-dried to give a 10 as a white solid. 



IS 



His-His-Gln-Lys-Leu-Val-Phe-Phe^a-[:| 

T 

Y=1:1H3:D3 X^lilH^D^ 

10 



Resins 1 (130 mg) and 2 (130 mg) were mixed and the sequence Gly-Asp-Glu- 
Val-Asp was synthesised using an ABI433 No.l Synthesiser using HBTU/Fmoc protocol 
and standard side chain protection group strategy. A portion of the final amino resin (50 
mg) was then treated with acetic anhydride (containiog 50% D6-AP2O) (0.2 ml) in 1:1 

20 DCM/DMiF(lml)anddiakenfor2h. The resin was then drained and washed witii DMF 
(3 X 5ml), DCM (3 x 5ml), DMF (3 x 5ml), DMF (3 x 5ml), EtjO (3 x 5ml), DCM (3 x 
5ml) and finally EtaO (3 x 5ml) and dried in vacuo to give resin 11. Resin 11 (50 mg) was 
cleaved by adding 3:0.2 TFA/TIPS (1ml) at 0 C for 10 mins then shaking at room 
temperature for 2 h. The resin was drained into a flask, washed with DCM (2 x 0.5ml) 

25 and the volatiles evaporated m vacuo. The residue was redissolved in DCM (1 ml) and 
again evaporated to remove the last traces of TFA (this procedure was repeated five 
times). The residue was then trituated wifli EtzO (5x1 ml). The residue was ftien 
dissolved m I^O (1ml) and fireeze-driedto give a 12 as a white solid. 
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Gly-Asp-Glu-Val-Asp~N 




Y= 1:1 HyD^ 



X = 1:1 HgiDg 



12 



Resins 1 (130 mg) and 2 (130 mg) were mixed and the sequence Tyr-Val-Ala- 



5 Asp-Ala-Pro-Val was synthesised using an ABI433 No.l Synthesiser using HBTU/Fmoc 
protocol and standard side chain protection group strategy. A portion of the final amino 
resin (50 mg) was then treated with acetic anhydride (containing 50% D6-AC2O) (0.2 ml) 
in 1:1 DCM/DMF (1 ml) and shaken for 2 h. The resin was then drained and washed 
with DMF (3 x 5ml), DCM (3 x 5ml), DMF (3 x 5ml), DMF (3 x 5ml), EhO (3 x 5ml), 

10 DCM (3 x 5ml) and finally Et20 (3 x 5ml) and dried in vacuo to give resin 13, Resm 13 
(50 mg) was cleaved by adding 3:0.2 TFA/TIPS (Iml) at 0 C for 10 mins then shaking at 
room temperature for 2 L The resin was drained into a flask, washed with DCM (2 x 
0.5ml) and the volatiles evirated in vacuo. The residue was redissolved in DCM (1 ml) 
and again evaporated to remove the last traces of TFA (this procedure was repeated five 

15 times). The residue was then trituated with Bt20 (5x1 ml). The residue was then 
dissolved in H2O and fi:eeze-dried to give a 14 as a white solid 



Example 4; Incabation of peptides with NET and Trypsin 

Incubation with Trypsin. 

The peptide (10 pi of ImM in Acetonitiile) was treated wiih a solution of buffer 
25 (50 mM Hm^ES, ISO mM NaCl andl Za^, 35 pi), and finally Trypsin was added 
(5pl,2.5pAQ. The reaction was allowed to take place at room temperature for 9h and an 
aliquot of solution was removed for LC-MS analysis. 




Y=1:1 HaiDj 



X = 1:1 H2:D2 



14 



20 
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Incubation wiOi NEP. 

The peptide (10 pi of ImM in Acetonifiile) was treated with a solution of buffer 
(50 mM HEPES, 150 mM NaCl andl \M Zn^^ 35 ^1), and finally neutral endopeptidase 
5 (NEP) was added (5pil, 2.5nM). The reaction was allowed to take place at room 
temperature for 9h and an aliquot of solution was removed for LC-MS analysis. 

Peptides 4 and 10 w^e incubated with trypsin as described above and then 
analysed by HPLC/MS to give masses according to Table 1. 

Peptides 4, 6 and 10 were incubated with NEP as described above and then 
10 analysed by HPLC/MS to give masses according to Table 1. 



Table 1 



Peptide 


biciibation 
Eoz^me 


Relevant Masses (M4-H or M+Na) 
ignoring natural ^^C abundance) 


I^guies 


4 


Nolncubatiaa 


640.642,643,645 


3 (^000260-8) 


€ 


No Incubation 


1121.1123,1124,1126 




8 


No Incubation 


926,928,929,931 




10 


No Incubation 


1225,1227.1228,1230 




12 


No Incubation 


632,634,635,637 




14 


Nolncubatiba 


832,834,835,837 




4 


Trypsin 


371,374: AcGlyProAigOH 
310,312: I|iNalaAlaAlaGlyNH2 
(Naf) 


4(^000290-19) 


10 


Trypsin 


591,594 AcHisHisGlnLysOH 
652,654: 

H2NleuValPhePheAlaGlyNH2 




4 


NEP 


442,445 : AcGlyProArgAlaOH 
239,241 : IfcNAlaAlaGlyNH2 
(Na+) 


5a(aj000290-23) 
5b(aj000290-23a) 


6 


NEP 


650,652 : 
HiNleuAspAJaGluPheGlyNHi 
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10 


NEP 


704,707 : AcHisHisGWLysLeuOH 








315.317 : NH2PheAIaGlyNH2 





EMmple 5; Fluorescent On-Bead Peptide Screening 

A Khrary of peptides may be synthesised on resin beads that incoiporate 
fluorescent and quenching groups. This library may then be used to screen for peptides 
5 which are cleaved by a particular en2yme (Figure 6). The library may be designed such 
that after peptide cleavage with an enzyme, the resulting bead emits a fluorescent signal 
on irradiation. This fluorescence signals flie event of cleavage, the recognisable bead can 
be selected and further analysed The ratio of fluorophore (F) and quenching agent (Q) 
can be optimised to give zero emission before incubation and a positive fluorescence on 
10 hydrolysis of the peptide (Rfia see Figure 7). Ihis is important since too much initial 
quenching agent could still prevent emission evoi vAxea idgnificant cleavage has taken 
place* 

The cleaved (MS isotopically labelled) peptide is then released via the linker 
along witix any remaining uncleaved peptide and subjected to MS fiagmentation, 
15 confiimiiig cleavage, identifying their sequences and identifying the site of hydrolysis 
(Figure 6). 

This approach is amenable to screening all the peptides in one vessel. For 
^xample^ 1 g of resin beads can be incubated togedier with die en2yme, subsequenfly 
washed of assay hnpuiities, irradiated and the fluorescrat beads reeved by hand or 
20 pid^ via robotic automation. The 'active' substrates are ibsa identified as described 
above. 1 g of resin beads m^ contain approximatdy i4 million beads, making this 
approach attractive for diverse screening methods. 

Example 6; Synthesis of polymer supported DiMaS peptide 




1 
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Resin 15 wasporepaied in a similar meOtod to that described in flie liteiature: 
(G. M, Williams et al. Angew. Chem., Int Ed. Eng. 2000, 39 (18), 3293. Ck>ngreve et al. 
Qiglett2001, 3(4), 507) 

Resin 15 (50 tag, 0.43mmol/g) was treated wifli 95% TFA (aq) for 2h. The TFA 
5 was drained and the resin washed wifhDCH DMF, DCM, 10% DIPEA in DMF, DCM. 
Each of the amino adds were assembled as follows: A prefoimed activated ester of tibe 
amino add was formed by mixing the Fmoc amino add (0.43mmol) with HATU 
(0.43mmdl) and DIPEA (0.86mmol) in DMF (2ml) for 10 min, this was theai added to the 
resin and shaken for 4 h. Tteresinwas then drained and washed with DMF, DCM, DMF 
10 and DCM (all x5). 20% Piperidme in DMF (5 ml) was then added to the resin and the 
resin shaken for Ih. The resin was then drained and washed with DMFJXJMJDMFJDCM 
(all5x5ml). 

the sequence Gly-Pro-Arg-Ala-Aia was coupled on to the resin according to the 
above procedure. The resin was then treated with 10% Ac20/Ac(D3)20 (1 :1) in DCM and 
15 shaken for 2h. The resin was then washed with DCM, DMF, DCM (all x5) to give lesin 
16. 

To remove all the pmc protecting group, the resin was shaken with 95% TFA (aq) 
for 2h. The resin was then drained and washed with DCM, 1 0% DIPEA in DMF, DCM to 
give resin 17. 

20 A solution of M^x^s^toetti^l (0.1ml), DBU (0.33 ml) in Acetonitrile (1.5 ml) 

was prepared 30 mins before use. The resin (typically 50 beads) is treats with this 
solution (0.2 ml) and left to stand for 2h. Hie supernatant liqmd is Ihm removed and 
analysed via HPLC/MS. 

25 The analysis for resin 16 is shown in Figure 8. 
The analysis for resin 17 is shown in Figtire 9. 

Example 7: On-Bead Incabation of Supported DiMaS peptide 

30 Jncvbatton of resin Mnth Trypsin. 

The Resm 1 5 (ca. 20 beads) were treated witibi a sohition of buffer (50 mM 
HEPES, 150 mMNaCl andl C Zn^, 35 jd), and finally Trypsin was added (5fil, 2.5nM). 
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The reaction was aflowed to take place at room tempratee for 2ii and an aliquot of 
solution was removed forLC-MS analysis. The analysis is sbovm in Figure 10. 

Erample 8 Preparation of DiMaS Tagged Peptide Libraries 
5 A series of compounds were synlhesised using the general strategy outlined in 

Figure IL 

. Compound 1: 

The Fmoc protected Rink Amide resin (3.900 g, 2.34 mmol) was treated with a 
10 20% Piperidine solution in DMF (10 ml) for (2 x 10 min) and flien washed witii DMF (6 
X 10 ml). The freshly prepared deprotected resin was then treated with Fmoc- 
Lys(ivDde)-OH (3.350 g, 5.85 mmol), HBTU (2.210 g, 5.85 nuriol), and HOBt (0.790 g, 
5.85 mmol) in DMF ( 10 ml). Finally, Hunig's base (1,510 g, 11.70 mmol) was added 
and the resin stirred at room temperature for 16 h. The resin was then washed 
15 successively with DMF (6 x 10 ml), dichloromethane (4 x 10 ml) and eflier (2 x 10 ml), 
then dried in vacuo to give confound 1 (4.600 g, 2.34 mmol) as a yellow solid Kaiser 
test (Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P, L Anal Biochem., 1970, 34, 
595) was negative, Fmoc number 100%. 



20 




NH 



f H 

Fmoc-fJ^Sp = Rnoo4.ya(IvDde)-OH 



Conpounds 2(i.36) * 

The tinear peptide was assembled on an automated ACT 357 MPS synthesiser 
using the standard protocol desoibed Shq>pard^ the 36 resin aliquots were loaded 
manually into a standard (6x6) reaction block. The Fmoc protected Rink amide resin 
25 (0. 12 g, 0.06 mmol) was treated with a 20% Piperidine solution in DMF (2 x 2 ml, 2 x 1 0 
min)andthenwashedwithNMP(I0x2ml). Hie deprotected resin was tiien treated 
witii Fmoc-Ala-OH (0.056 g, 0,18 mmol) inNMP (700 jd) then HBTU (0,068 g, 0.18 
mmol) and HOBt (0.024 g, 0.18 mmol) inNMP (180 pi). Finally Htlnig's base (62 jd* 
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036 mmdl) in DMF (360 ]d) was added. The reaction block was agitated intennittently 
for 2 h after the iesin was drained under vacuum. A second coupling was 
perfonned using the same quantity of reagents as in the first coupling and finally the resin 
was washed with NMP (6 x 2 ml). The above procedure was repeated for the 
incorporation of Fmoc-Phe-OH, Fmoc-Leu-OH, Fmoc-Asp(OtBu>OH, Fmoc-Ile-OH, 
Fmoc-Asn(Trt)-OH, Fmoc-Arg(Pmc>OH, Fmoc-Ala-OH and Fmoc-Ala-OH 
respectively. The resin was fmaUy washed with NMP (6x2 ini)th^ 
with DCM (2 X 2 ml) and ether (1 x 2 ml) then dried in vacuo to give the protected 
peptide resin 2(i) as a pale yellow solid (030 g, 100%). Kaiser Test was negative. 



NHTrt 

^0 



10 



^NH 




11^ 



(M8> 



15 



Compounds 2(2-36) were prepared in an analogous manner to compound 2(i) in the 
remainder of flie wells in the ACT reaction block. The structures of compounds 2(i-36) are 
given in Table 2. 

Table 2: Structure of compounds 2(i^ 



Fmoc-Ala 


Ala 


Ai^ 


Asa 


ne 


Asp 


Leu 


Phe 


Ala 


Lys0vDde>- 


Rnoc-Ala 




(Pmc) 


fnt) 




(tBu) 








Rink Resin 


Q\y 


Arg 


Ala 


Asn 


ne 


Asp 


Phe 


Ala 


LysOvDde>. 


Fmoc-Ala 




(Pmc) 




cm) 




(tBu) 






Rink Resin 


Leu 


Aig 


Phe 


Ala 


Asn 


De 


Phe 


Ala 


Lys(ivDde>- 


Fmoc-Ala 




(Pmc) 






cnt) 








Rink Resin 


?he 


Arg 


Phe 


Ala 


Ala 


Asn 


He 


Ala 


Lys(ivDde)- 


Fmoc-Ala 




(Pmc) 








Cnt) 






RinkResm 


Lys 


Aig 


Ala 


Gly 


Ala 


Ala 


Phe 


Ala 


Lys^Dde)- 


Fmoc-Ala 


(Hoc) 


(Pmc) 














Rink Resin 


Gin 


Aig 


Lys 


Val 


Gly 


Ala 


Phe 


Ala 


Ly5(ivDde> 


Fmoc-Ala 


(lYt) 


(Pmc) 


(Boc) 












Rink Resin 


Pro 


Aig 


Ser 


Asp 


Val 


Gly 


Phe 


Ak 


Lys(ivDde)- 


Fmoc-Ala 




(Pmc) 


(OtBu) (tBu) 










RinkResm 


Pro 


Aig 


Phe 


Ser 


Asp 


Val 


Leu 


Ala 


Lys(ivDde>- 


Fmoc-Ala 




(Pmc) 






(tBu) 








Rink Resin 


PSro 


Lys 


Ue 


Gly 


Ser 


Asp 


Phe 


Ala 


Lys(ivDde)- 


F^oc-Ala 




(Boc) 






(OtBu) (tBu) 






Rink Resin 


Phe 


Lys 
(Boc) 


De 


He 


Gly 


Ser 

(OtBu) 


Phe 


Ala 


Lys(ivDde)- 
Rink Resin 
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2(11) FmooAla 


Ai:g(PmLys 


Phe 


Be 


Be 


He 


Phe 


Ala 


Lys0vDde)- 




c) 


(Boo) 














Rmk Resin 


2(12} Ftooo-Ala A5p(tB Lys 


ne 


Phe 


Ser 


Gly 


Phe 


Ala 


Ly5(ivDde)- 


2(13) Rnoc-Ala 


«} 


(Boo) 






(OtBu) 






RinkResm 


Fhe 


Leu 


Ala 


Aig 


Asn 


He 


Asp 


Leu 


Lys(ivDde)- 


2(14) Fmoo-AIa 








(Pmc) 


(Jrt) 




(tBu) 




Rink Resin 


Phe 


Glu 


Gly 


Ai:g 


Ala 


Asa 


He 


Asp 


Lys(ivDde)- 


2(15) Rnoo-Ala 








(Pmc) 




(Itt) 




(tBu) 


Rink Resin 


Ser 


Val 


Leu 


Arg 


Phe 


Ala 


Asn 


Be 


Lys(ivDde> 


2(16} Bmoo-AIa 


(OIBu) 




(Pmc) 






(lYt) 




Rink Resin 


Ala 


Fto 


Phe 


Arg 


Phe 


Ala 


Ala 


Asn 


Lys(ivDde> 


2(17} tinoo-AIa 








(Pmc) 








cm) 


Rink Resin 


Ala 


Phe 


Lys 


Aig 


Ala 


Gly 


Ala 


Ala 


Lys(ivDde> 


2(18) EindoAla 






(Boc) 


CPmc) 










Rink Resin 


Phe 


Lys 


Gk 


Aig 


Lys 


Val 


Gly 


Ala 


Lys(ivDde> 


2(19} Rnoo-Ala 




(Boo) 




(Pmc) 










Rmk Resin 


Asp 


Ala 


Pro 


Aig 


Ser 


A^ 


Val 


Gly 


Lys(ivDde)- 


2(20) FmooAla 


(tBu) 






(Pmc) 


(OtBu) (tBu) 




Riok Resin 


Phe 


Gly 


Pro 


Aig 


Phe 


Ser 


Asp 


Val 


Lys(ivDde> 


2(21) Ftaoc-Ala 








(Pmc) 




(Offiu) 






Rink Resin 


Phe 


Ala 


Pio 


Lys 


He 


Glv 


Ser 


Asp 


Ly8(ivDde> 


2(22) FmooAla 








(Boc) 






(OtBu) (tBu) 


Rink Resin 


Ala 


Pro 


Phe 


Lys 


He 


Be 


Gly 


Ser 


Lys(ivDde> 


2(23} Fmoo-Ala 








(Boc) 








(OtBu) RinkResm 


Gly 


Val 


Arg 


Lys 


Fbe 


He 


Ue 


Gly 


Lys(ivDde)- 


2(24) FraooAla 






(Pmc) 


(Boc) 








Rlnk Resin 


Asp 


Asp 


Ai^ 


Lys 


He 


Phe 


Ser 


Be 


Ly5(iYDde> 


2(25) Fnoo-Ala 


(tBu) 


(iBu) 


(tBu) 


(Boc) 






(OtBu) 




Rink Resin 


Leu 


Phe 


Gly 


Phe 


Lea 


Ala 


Arg 


Asa 


Lys(ivDde)- 


2(26) FnooAla 














(Pmc) 




Rink Resin 


Asp 


Phe 


Leu 


Phe 


Glu 


Gly 


Arg 


Ala 


Lys(ivDde> 


2(27) Fmoc-Ala 


(tBu) 












(Pmc) 




RinkResm 


He 


Phe 


Asp 


Ser 


Val 


Leu 


Arg 


Phe 


Lys(ivDde> 


2(28) Fmoo-Ala 






(tBu) 


(OtBu) 






(Pmc) 




Rink Resin 


Asn 


He 


Leu 


Ala 


Pro 


Phe 


Aig 


Phe 


Ly50vDde> 


2(29) Fmoc-Ala 


cm 












(Pmc) 




RinkResm 


Ala 


JFhe 


Gly 


Ala 


Fhe 


Lys 


Arg 


Ala 


Lys(ivDde)- 


2(30} Etnoo-Ala 












(Boc) 


(Pmc) 




Rink Resin 


Ala 


Phe 


Leu 


Phe 


Lys 


G]n 


Arg 


Lys 


Lys{ivDde)- 


201} FinooAla 


Gly 








(Boc) 


(Tit) 


(Pmc) 




Riok Resin 


Phe 


Phe 


Asp 


Ab 


Pro 


Ai^g- 


Fhe 


Lys(ivDde> 


202) Fmoo-Ala 


Val 






(tBu) 






(Pmc) 




Rink Resin 


Leu 


A^ 


Phe 


Gly 


Pro 


Aig 


Phe 


Lys(ivDde)- 


2(33) Fmoc-Ala 






(tBu) 








(Pmc) 




RinkResm 


Asp 


Phe 


Leu 


Phe 


Ala 


Pro 


Lys 


Phe 


Lys(ivDde>- 


2(34) Fmoo-Ala 


(tBu) 












(Boc) 




Rink Resin 


Ser 


Phe 


Asp(tB 


Ala 


Pro 


Fho 


Lys^ Be 


Lys(ivDde)- 


2(35) Fmoo-Ala 


Gly 




u) 








c) 




RinkReshi 


Phe 


Phe 


Gly 


Val 


Aig(Piai LysCBo I^e 


Ly50vDde> 














c) 


c) 




Rink Resin 


2(36} Fmoo-Ala 


lie 


Phe 


Asp 


Asp 


Asp 


Asp 


Lys 


lie 


Lys(ivDde)- 








(tBu) 


(tBu) 


(fflu) 


(tBu) 


(Boc) 




Rink Resin 



Compounds 3(2^^ : 

The Fmoc protected peptide lesiiis 2(i.3q (0.06 niinol) transferred into 4 ml 
Alltedi tubes and fitted in two batches onto a 24-position SPE Vacuum tank?. Each resin 
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sample tvas treated with a 20% Kperidine solution in DMF (2 ml) for (2 xlO min) and 
then washed with DMF (6 X 2 mO- The freshly deprotected resins were then treated with 
Fmoc-Gly-OH (0.027 g, 0.09 mmol) and Fmoc-(D2)Gly-OH (0.027 g, 0.09 mmol), 
PyBOP (0.094 g, 0.18 mmol). and HOBt (0.024 g, 0.18 mmol) in a mixture of DMF (1 
ml) and DCM (0.5 ml). Finally, Hiinig's base (0.047 g, 0.36 mmol) was added and the 
reactions aUowed to proceed at room temperature for 16 h with intermittent manual 
agitation. The resms were then washed successively with DMF (6 x 2 ml) and 
dichloromelhane (4 x 2 ml) to give confounds 3(1-36) (ca 0.350 g, 0.06 mmol) as 
yellow solids. Kaiser test was negative in each case. 



NHTrt 



R«1:1 iH:SH 




Compounds 4p^Q : 

The Emoc protected peptide resms 3(mq (0.06 mmol) were treated with a 20% 
Piperidine soludim m DMF (2 ml) for (2 x 10 min) and theri washed with DMF (6x2 
15 m^. A 20% solution of acetic anhydride m DMF (2 ml) was then added to each resin 
sample and fiie reaction allowed to proceed for 4 h vitiM resm samples were manually 
agitated intennitteatly.' The resins were then washed successively with DMF (6 x 2 ml) 
and didiloramediane (4 x 2 ml) to give confounds 4(i^j (ca 0.310 g, 0.06 mmol) as 
yellow solids. Kaiser test was negative in each case. 



1^1:1 iH:2H „ — a 




Compounds Sq^sq : 

The iv(pde) protected peptide resins 4(i^ (0.06 mmol) were treated witii a 20% 
solution of Hydrazine in DMF (2 ml) for (2 x 20 min). The resins were then washed 
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10 



successively DMF (6 x 2 ml) and dichloromefhane (4 x 2 ml) to give amine resins 
5(i^Q (ca 0 JOO g, 0.06 mmol) as yellow solids. Kaiser test was positive in all cases. 



R=1:1 iH:^ 



^NH 

n "IMS 




Compounds 6 ^.55; ; 

The amine resins 5(i-36) (0.06 mmol) were treafed with a solution of Acetic 
anhydride (0.2 ml) and Acetic anhydride-^f^ (02 ml) in DMF (1.8 ml) and the reaction 
was allowed to proceed for 4 h wiQi intermittent manual gliaVfTig , Hie resins were then 
washed successively with DMF (6x2 ml), dichlorometfaane (4 x 2 ml) and ether Q x 2 
ml) then dried in vacuo to give pqptide resins 6(2^ (ca 0.400 g, 0.06 mmol) as yellow 
solids. Kaiser test was negative in each case. 

* 




R=1:1 iH:2H 
* = 1;1 CffeCDa 



Con^Hninds 7 ^.5^ ; 

15 The peptide resins 6(1^ (0.06 mmol) were swollen in dichloromethane for 1 0 min 

and the solv^ts drained under vacuum. Trifluoroacetic acid (L5 ml) was added to each 
resin sample and the cleavage reaction allowed to proceed for 2 h. The resins were 
drained and then further washed with dichloromethane (6 x 1 ml). The combined ffltrates 
were concentrated under a stream of nitrogen then dried in vacuo to J>iMaS tagged 

20 peptides 7q^^ (ca 0.5 mg) as white solids or pale brown oils. The e}qpected multiplet 
pattern was observed in all 36 cases (Table 3) MS Analysis (Figure 12). 
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V 



R=1:1 iHffl 
*»1:1 CH3;CD^ 



Table 3: Characterisation of Compounds 7(i^q: 



so 






















AvMw 


7a) Ao<31y* 




Ala 


Aig 


Asn 


De 


Asp 


Leu 


Phe 


Ala 


Lys(Ac*>NH2 


12S9 


7(2) Ac-Gly* 


Ala 


Gly 


Aig 


Ala 


Asn 


He 


Asp 


Phe 


Ala 


Lys(Ac*>NH2 


1203 


7(3) AcMjly* 


Ala 


Leu 


Aig 


Phe 


Ala 


Asn 


He 


Phe 


Ala 


Lys(Ac*>NH2 


1291 


7(^ A><Hy* 


Ala 


Phe 


Aig 


Phe 


Ala 


Ala 


Asn 


ne 


Ala 


Ly8(Ac*)-NH2 


1249 


7(5) Ao-Gly* 


Ala 


Lys 


Aig 


Ala 


Gly 


Ala 


Ala 


Phe 


Ala 


Lys(Ac*>NH2 


1131 


7(<) Ao<2(y* 


Ala 


Gin 


Aig 


Lys 


Val 


Gly 


Ala 


Phe 


Ala 


Lys(Ac*>NH2 


1216 


7(7) Ao-(9y* 


AJa 


Pro 


Aig 


Ser 


Asp 


Val 


Gly 


Phe 


Ala 


Lys(Ac*>-NH2 


1188 


7(8) A<>Gly* 


Ala 


Pro 


Aig 


Hie 


Ser 


Asp 


Val 


Leu 


Ala 


Lys(Ac*>-NH2 


1244 


7^) AoOfy* 


Ala 


Pro 


Lys 


De 


Giy 


Ser 


Asp 


Phe 


Ala 


Lys(Ac*>NH2 


1174 


7aO) Ae-Oy* 


Ala 


Phe 


Lys 


De 


He 


Gly 


Ser 


Phe 


AJa 


Lj^Ac*).NH2 


1222 


7ai) Ac-Gly* 


Ala 


Axg 


Lys 


Vbs 


He 


Be 


lie 


Phe 


Ala 


Lys(Ac*)-NH2 


1347 


7(12) Ao<Jty* 


Ala 


Asp 


Lys 


He 


Phe 


Ser 


Gly 


Phe 


Ala 


Lys(Ac*).NH2 


1224 


7(13) A<>Giy* 


AU 


Phe 


Leu 


Ala 


Aig Asn 


He 


Asp 


Leu 


Lys(Ac*>-KH2 


1301 


7(1<0 Ac-Gly* 


Ala 


Phe 


Glu 


Gly 


Aig 


Ala 


Asn 


ne 


Asp 


Lys(Ac*)-NH2 


1261 


7(15) Ac^ly* 


Ala 


Ser 


Val 


Leu 


Aig 


Phe 


Ala 


Asn 


De 


Lys(Ac*>-NH2 


1259 


7(16) Ac-Gly* 


Ala 


Ab 


Pro 


Phe 


Aig 


Phe 


Ala 


Ala 


Asn 


Lys(Ac*>NIE 


1233 


7(17) Ac-Gly* 


Ala 


Ala 


Phe 


Lys 


Aig 


Ala 


Gly 


Ala 


Ala 


Lys(Ac*)-KH2 


1131 


7(18) Ao-Gly* 


Ala 


Phe 


Lys 


Gfai 


Arg 


Lys 


Val 


Gly 


Ala 


Lys(Ac*)-NH2 


1273 


7(150 A&<}ly* 


Ala 


Asp 


Ala 


Pro 


Aig 


Ser 


Asp 


Val 


Gly 


Lys(Ac*>}ai2 


1156 


7(20) Ac-Gly* 


Ala 


Phe 


Qly 


Fro 


Aig 


Vbs 


Set 


Asp 


Val 


Ly8(Ao«)-NH2 


1264 


7(21) Ac-GIy* 


Ala 


Phe 


Ala. 


Pro 


Lys 


He 


Gly 


Ser 


Asp 


Lys(Ac*)-NH2 


1174 


7(22) Ao-Gly* 


Ala 


Ala 


Pro 


Phe 


Lys 


ne 


ne 


Gly 


Ser 


Lys(Ac*>NH2 


1172 


7(23) Ao^y* 


Ala 


Gly 


Val 


Aig 


Lys 




De 


ne 


Gly 


Lys(Ac*)-NH2 


1229 


7(24) AoOly* 


Ala 


A^ 


Asp 


Asp 


Lys 


ne 


Phe 


Ser 


De 


Lys(Ac*)-NH2 


1292 


7(25) Ac-Gfy* 


Ala 


Leu 


Phe 


Gfy 


PhiB 


Leu 


Ala 


Arg 


Asn 


Lys(Ac*>NH2 


1277 


7(26) Ac-Oy* 


Ala 


Asp 


Hie 


Leu 


Phe 


Glu 


Gly 


Axg 


Ala 


Ly5(Ac*>NH2 


1294 


7(27) Ac-Gly* 


Ala 


De 


Phe 


Asp 


Sct 


Val 


Leu 


Axg 


Vh6 


Lys(Ac*>NH2 


1336 


7(28) Ao-Gly* 


Ala 


Asn 


He 


Leu 


Ala 


Pro 


Phe 


Arg 


Phe 


Lys(Ac*)-NH2 


1317 


705) Ao^ay* 


Ala 


Ala 


Phe 


Gly 


Ala 


Phe 


Lys 


Aig 


Ala 


Lys(Ac*>-NH2 


1217 


7(30) Ac-Gly* 


Ala 


Ala 


Phe 


Leu 


Hie 


Lys 


Ghx 


Arg 


Lys 


Lys(Ac*)-NH2 


1377 


7(31) Ac-Gly* 


Ala 


Gly 


Phe 


Phe 


Asp Ala 


Pro 


Aig 


Fbe 


Ly5(Ac*>NH2 


1296 


7^) Ao-<ny* 


Ala 


Vd 


Leu 


Asp 


Phe 


Gly 


Pro 


Aig 


Phe 


Lys(Ac*).NH2 


1290 


7(33) Ac-Gly* 


Ala 


Asp 


Phe 


Leu 


Phe 


Ala 


Pro 


Lys 


Phe 


Lys(Ac*>^a^2 


1324 


7P4) Ac<3b^ 


Ala 


Sa 


no 


Asp 


Ala 


Pro 


Phe 


Lys 


He 


Lys(Ac*>NH2 


1264 


7^ Ac^ay* 


Ala 


Gly 


Pbe 


Pbe 


Qly 


Val 


Arg 


Lys 


Phe 


Lys(Ac*>NH2 


1297 
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Example 9; Incabation of Compounds 7(2) and 7(13) with Trypsin; 

Compounds 7(2) and 7(13) (10 jil in AcetDnitrile) were treated with a solution of 
buffer (50 mM HEPES, 150 mM NaCl and 1 pM Zn^\ 35 jil), and finally Trypsin was 
5 added (Sjil, 2.5 }M), The reaction was allowed to take place at room tempetatuie for 9h 
and an aliquot of solution was removed for LC-MS analysis every 2 h. 

Incubation of peptides 7(2) and 7(13) with Trypsin as described above gave the 
ejqpected peptide fragments corresponding to cleavage after the arginine residue. Both 
sets of doublets were observed in most cases (MS Analysis shown in Figure 13). 

Id 

Example 10; Preparation of Pools 

Cofipounds 8 : 

The linear peptide was assembled on an ABI 433A automated peptide synthesizex. 

15 The Fmoc protected Rink amide lesm (0.12 g, 0.06 mmol) was coupled successively witii 
Fnioo-Lys(ivDde)-OH, Fmoc-Phe-OH, Fmoo-Asp(OtBu>-OH^ Fmoc-Ile-OH, Fmoc- 
Asn(Trt)-OH, Fmoc-Ala-OH and Fmoc-Arg(Pmc)-OH, using the HBTU (1.0 mmol) 
activation cycle and extended coupling time (2h). The introduction of a mixture of 
(Finoc-Cba-OH : Fmoo-Pro-OH : Fmoc-Leu-OH : Fmoc-Glu-OH) (1:1:1:1), (LOO mmol 

20 total) was perfomied online. This was followed by coupling with Fmoo-AIa-OH, (1.0 
mmol), then coiq>ledwifli a mixture of [Fmoc-(H2)Gly-OH : Fmoc-(P2)Gly-OH) (1:1), (1 
mmol total). Finally the assembled peptide resin was transferred into an Alltech tube and 
was treated witiht a solution of Acetic anhydride (0.2 ml) and Acetic anfaydiide-d^ (0.2 ml) 
in DMF (1 . 8 ml) and the reaction was allowed to proceed for 4 h witii intermittent manual 

25 shaking. The resin was then wadied successively with DMF (6 x 2 nil), dichloromethane 
(4 X 2 ml) and ether (2 x 2 ml) flien dried m vacuo to give peptide resin 8(2^ (ca 0.400 g, 
0.06 mmol) as a yellow solid. Kaiser test was negative. 
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R«1:1<H?H 
»»1:lCH,;Cp, 

AA1(|^ sCha : Pro : Leu : Ghi 
1:1:1:1 



The ^ected multiplet pattern was observed in all four cases (Table 4) MS 
Analysis bjOOOOSl-l (Figure 14). 

5 

Table 4: Characterisation of Peptides 8(i^: 

MW 

8(1) Ac-Gly* Ala Oia Ai« Ala Asn ne Asp Phe Ala Lys(Ac*>NH2 1299 
8(2) AoGly* Ala Pro Arg Ala Asn He Asp Phe Ala Lys(Ac*>NH2 1243 
8(3) Ao-Gly* Ala Leu Arg Ala Asn He Asp Phe Ala Lys(Ac*).Nm 1259 
8(4) Ao^Jly* Ala OJu Aig Ala Asn lie Asp Phe Ala Lys(Ac*>NH2 1275 

10 Compounds 8(5^ : 

Peptides 8(s^ were prqpared in an analogous &shion to peptides 8(i^. Hie 
expected MS pattern was observed in aU four The ejqiected mnltiplet pattern was 
obs^ed in all four cases (Table 5) MS Analysis bj000051-2 (Figure 15). 



Ac-41. 





R = 1:11H?H 
• = 1:1CH»C0, 

AA<5^ Ala : VAI : Ser : His 
1:1:1:1 



IS Table 5: C3iaracterisa<ioii of Peptides S^: 

MW 

8(5) Ao-Gly* Ala Ala Arg Ala Asn He Asp Phe Ala Lys(Ac*>NH2 1217 
8(6) Ac-Gly* Ala Val Aiig Ala Asn He Asp Phe Ala Lys(Ac*)-NH2 1245 
8(7) Ac-Gly* Ala Ser Arg Ala Asn lie Asp Phe Ala Lys(Ac*>NH2 1233 
8(8) Ac-Gly* Ala His Arg Ala Asn lie Asp Phe Ala Lys(Ac*>NH2 1283 
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Example 11; facubatioii idfli Trypsin 

Incubation of ConpotPtds with Trypsin 
5 the peptide mixture 8(i^ (30 pi in Acetonitrile) was treated with a solution of 

buffer (50 mM HEPfiS, 150 mM NaCl and 1 Zn^, 100 pi), and finally Trypsin was 
added (lOjil, 5 isM). The reaction was allowed to take place ai room temf^rature for 9h 
and an aliquot of solution was removed for LC-MS analysis every 2 it Incubation wifli 
Trypsin gave the expected peptide fiiagments corresponding to cleavage after the arginine 
10 residue. Bo& sets ofdoublets observed in most cases (Table 6) MS Analysis bjO00O5 1-5 
(Figure 16). 

Table 6: Results of Incabaiion of Compounds 8g.^ with I^Tpsin: 

RHS 
819, 822 
819, 822 
819,822 
819,822 

Incubation of Compounds 8(s^ with Trypsin: 

The peptide miicture 8(s«) was incubated witii Trypsin ais described above to ^ve 
tfie csepec^eA. peptide fragments corresponding to cleavage after the arginine residue. 
20 Both sets of doublets obsoved in most cases (Table 7) MS Analysis bj00005 1-6 (Figure 
17). 



Mw LHS 
8(1) 1299 498, 500 
8(2) 1243 442,444 
8(3) 1259 458,460 
8(4) 1275 



Table 7: Results of incubation of Compounds 8(5^ wifli Tkypsin 

25 

Mw LHS RHS 

8(5) 1217 416,418 819,822 

8(6) 1245 444,446 819,822 

8(7) 1233 432,434 819,822 

8(8) 1283 (— ) 819.822 
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Example 12; Peptide Sequencing; 

The sequence or pmnaty structure of apeptide may be detemiined by cleaving or 
fiagmentation of tbe peptide and subsequent analysis by mass spectrometry. 
5 In the case of a pq)tide which has been differentially isotopicdly labelled at the 

N-temmius amino acid, fiagmCTtadon in the C- to N- direction retains the peak split 
caused by the isotopic label giving rise to doublets, while the levcise fiagmentation in the 
N- to C- direction produces only single mass peaks (Figure 18). 

This data can then be used to detemiine the amino add sequence of the peptide. 
10 The diflference in sizes of the fragments will indicate the sizes of the amino acids which 
have been removed, and this data may be used to determine the primary sequence of the 
original molecule. 

References: 

15 1 . Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. L Anal. Biochem., 1970, 34, 
595. 

2. Atherton, E.; Sheppard, R. C. In 'Solid Phase Peptide Slynthesis \ 1989, Practical 
Approach Series, IRL Press, Oxford. 

3. Available from Whatman 

20 

Abbreviations 
AcOH - Acetic Acid 
Boc — rerf-Butyloxycarbonyl 
DIPEA Diispropyle&ylamine 
25 DMAP = Dimetlq^laniinopyridine 
DMF = Dimetfaylforinamide 
Fmoc — Fluorienylmethoxycarbonyl 
Fmoc-Lys(ivIMe)-bH «NKX-Fmoc-N-e4-(4,4-dimethyl^^ 
3-methyIbutyl-L-lysine. 
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HBTU = 2-(lH-Ben2otria2oIe-l-yl>l,13^.tetiame%^ hexafluordphosphate 
HOBt ^ Hydroxybenzotriazole 
NMP = AT-Methyl pyxrolidone 
MS = Mass Spectroscopy 
PG = Protectiiig group 

PyBOP = Beii2»tiia20le-l-yl-oxy-tris-py3TOKdm hexaiauorophosphate 
Rink Amide Resin = 4-{2\4*-Dimefhoxyphenyl-Fmoc-aininQmetlLyi) 

Polystyrene Resin 
TFA = Trifluoroacetic Add 
Bzl = Benzyl 
Cbz = Carbobenzyloxy 
DCM = Dichloromethane 
Fmoc = Fluorenylmethoxycarbonyl 
TFA = Triflxiroacetic Acid 
TIPS = Triisopropylsilane 




WO03/001206 



PCT/6B02/02921 



42 

CLAIMS 

1 . A method of analysing cleavage of a polymer, the mebod comprising: 

(a) providing a sample of said polymer^ a portion of said polymer molecules 
5 having been labelled at a position on one side of a potential cleavage site with a first 

isotopic label and a portion of said polymer molecules having been labelled at a position 
on Hie opposite side of the potential cleavage site with a second isotopic label; 

(b) incubating said sample under conditions suitable for cleavage at said 
potential cleavage site, and 

(c) analysing the mass(es) of any cleaved fragments by mass spectrometry 
and thereby detennining whether and/or where cleavage has taken place. 

2. A metiiod according to claim 1 wherein the mass change calised by the 
presence of &e first isotopic label compared with the mass in the presence of the nomial 
element(s) at that position is different to the msss change caused by the presence of the 
second isotopic label compared with the mass in the presence of the normal element(s) at 
that position. 

3. A method according to claim lor 2 wherein 

(a) 50% of the polymer molecules in said sample comprise said first isotopic 
label, and/or 

(b) 50% of the polymer molecules in said sample comprise said second 
isotopic label. 

4. A method according to any one of clauns 1 to 3 wherein said sample 
comprises a portion of polymer molecules which comprise both said first isotopic label 
and said second isotopic label, a portion of polymer molecules which comprise said Sxst 
isotopic label but not said second isotopic label, a portion of polymer molecules v^ch 
comprise said second isotopic label but not said first isotopic label and a portion of said 
polymer labels vMch comprise neither said first nor second isotopic labels. 

5. A method of screening a libiaiy of polymers for cleavage^ tiie metiiod 
comprising: 



wo 03/001206 



PCT/GB02/02921 



43 

(a) providing a Kbiary comprising two or more polymeacs labelled as described 
in any one of the preceding claims^ 

(b) incubatibig said library of polymers under conditions suitable for cleavage, 

and 

(c) analysing the mass(es) of any cleaved fiagments by mass spectrometry 
and thereby determining whether and/or where cleavage has taken place. 

6. A method according to any one of the preceding claims wherein the first 
and second isotopic labels comprise different chemical isotopes. 

7. A method according to any one of claims 1 to 5 wherein the first and 
second isotopic labels comprise the same chemical isotope and ^erem each of said first 
and second istopic labels comprise a different riumber of atoms of said chemical isotope. 

8 . A method according to any one of the preceding claims wherein said 
isotopic labels comprise ^H, ^^C, ^*0, and/or *^Br. 

9. A method accordmg to any one of the preceding claims wherein said 
polymer is a linear polymer. 

10. A method according to any one of the precedmg dauns wherein said 
polymer comprises a peptide or proteirL 

11. A method according to claixn 1 0 wherein said first and second isotopic 
labels are located in the t^minal amino adds of the peptide Or protein. 

12. A method according to any one of the preceding daims v^erein said 
polymer fiirther comprises a moeity which allows for separation of the molecule attadied 
to the modty fiom other material. 

13. A method according to any one of the preceding claims herein the 
sample or library is incubated with an enzyme under conditions suitable for cleavage of a 
substrate. 
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14. A method according to claim 13 vdierein said eirz^e is aprotease, 

15. A method according to any one of the preceding claims v^di^idn the 

5 mass(es) of the cleaved firagments are used to calculate the location of die cleavage site. 

16. A method according to any one of the preceding claims, the method 
further comprising the step of quantifying the amount of the polymer or cleaved 
&agment(s) present after cleavage. 

10 

17. A method according to any one oftheprecedmg claims wherein said 
polymer further comprises a detectable non-isotopic label on one side of the potential 
cleavage site and an inhibitor for said label on the opposite side of the potential cleavage 
site, the method comprising die additional st&p of detecting said detectable non-isotopic 

15 label, wh^ein the detection of said label indicates that said polymer has been cleaved. 

18. A method according to daim 17 vdierein said detectable label is a 
fluorescent group and said inhibitor is a quencher for said fluorescent group. 

20 19. A method according to any one ofthejireceding claims vtdierein said 

polymer is attached to a. solid support 

20 A method according to claim 1 9 \\4ierein the polymer is attached via a 
releasable linker molecule. 

25 

21. A method according to claim 1 9 or 20 \Aerein said solid si^ort is a resm 

bead. 

22. A method according to any one of the preceding claims fiother congmsing 
30 deteimming the stnicture or sequence ofone or both of the cleaved 
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23. Ametfaod accotdiQg to claim 22 vdieiemfhe cleaved fiagment(s) aie 
further cleaved and (he masses of these further fiagments determined using mass 
spectrometiy. 

5 24. A kit for SCTeening a library of polymers for cleavage, o ompT ifimg t^^ or 

more polymers as described in any one of claims 1 to 12 or 17 to 21. 

25. A kit according to claim 24 wherem said polymers are supplied in solid 
form or in solutions. 

10 

26. A kit according to claim 24 wherein said polymers are supplied on a solid 
siqpport as described in any one of claims 19 to 21. 

27. A kit according to claim 26 further comprising a linker cleaving leagent 

15 

28. A kit for the preparation of a polymer as described in claim 1, comprisii^g 
a set of chemical monomers winch comprises monomers which have been isotbpically 
labelled and monomers which have no isotopic label, in a form suitable for polymer 
synthesis. 

20 

29. A kit according to claim 28 further comprising means for adding an 
isotopic label to an unlabelled monomer. 

SO. A kit according to daim 28 or 29 wh»:em said set of monomers 
25 comprises: 

(a) a numbier of isotppically labelled amino acids and a number of amino 
adds which have no isotopic label; or 

(b) a number of isbtopically labelled nucleotides and a number of nucleotides 
vMch have no isotopic label. 

3b 
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